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Abstract 
 
I 
 
Abstract 
 
By quantifying behavioural outcomes that are related to cognitive functioning, neuropsy-
chological assessments allow to predict the manifestations of intellectual ability. Thereby, they 
take an important role in the clinical management of patients with mental illnesses and neurologi-
cal conditions. The literature increasingly discusses the role of neuropsychological assess-
ments for diagnosis and treatment in adults with ADHD or a stroke. However, inconsistent neuro-
psychological profiles in both groups lead to a lack of clarity regarding the role of neuropsycholog-
ical assessments in clinical care. The aim of the present thesis was to assess intellectual functions 
and cognitive profiles by means of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-
IV) in adults with ADHD and in patients with a first-ever unilateral, ischemic stroke in inpatient 
rehabilitation facilities in comparison to a control group. The purpose was to determine whether 
cognitive impairments vary as a function of clinical characteristics, including comorbidity and 
medication in adults with ADHD (study I) and language impairment, neglect, hemianopsia, and 
post-stroke depression in patients with a stroke (study II). In addition, the present thesis evaluated 
the contribution of self-reports for predicting cognitive functioning in adults with ADHD (study 
III). The results of the studies on adults with ADHD revealed deficits in intellectual and cognitive 
functions when compared to a randomly matched control group. Particularly, subtests of verbal 
working memory and processing speed indicated impairment. Therefore, the General Ability In-
dex provided a more reliable alternative to the Full-Scale IQ. Lower performances compared 
to the controls appeared to be robust with respect to comorbidity and medication (study 
I). Moreover, no relationship between self-reported symptoms and cognitive performance could 
be found (study III). With respect to patients with a stroke, it could be demonstrated that 
both right hemisphere stroke (RHS) and left hemisphere stroke (LHS) patients are likely to have 
significant impairments in all domains of cognitive functions compared to a randomly matched 
control group. RHS patients were particularly deficient in measures requiring visuo-spatial abili-
ties and LHS patients in those with language and processing speed demands. Lan-
guage impairments following LHS had a negative impact on subtests requiring verbal skills. Ne-
glect and hemianopsia reduced some error variance on working memory, processing speed, and 
language subtests. A PSD turned out to decrease performance on subtests with visuo-spatial and 
processing speed requirements (study II). Based on the results, the clinical utility of the WAIS-IV 
and the general role of neuropsychological assessments in both groups are discussed.   
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Zusammenfassung 
 
 
Störungsspezifische Verhaltensauffälligkeiten, die im Zusammenhang mit Beeinträchti-
gungen bestimmter kognitiver Funktionen auftreten, erlauben es neuropsychologischen Testver-
fahren intellektuelle Fähigkeiten zu prognostizieren. Dadurch nehmen sie eine wichtige Rolle in 
der Planung und Umsetzung der Behandlungen von Patienten mit psychischen und neurologi-
schen Erkrankungen ein. Neuropsychologische Verfahren werden in der Literatur vermehrt im 
Zusammenhang mit Diagnosestellung und Behandlung bei Erwachsenen mit einer ADHS und bei 
Patienten mit einem Schlaganfall diskutiert. Inkonsistente neuropsychologische Profile in diesen 
Gruppen führen jedoch zu Unklarheiten bei der klinischen Anwendung von neuropsychologi-
schen Verfahren. Das Ziel der vorliegenden kumulativen Dissertation bestand darin, die intellek-
tuellen Fähigkeiten und kognitiven Leistungsprofile von ADHS Erwachsenen und Rehabilitanden 
mit einem unilateralen, ischämischen Schlaganfall auf Basis der Wechsler Adult Intelligence 
Scale - Vierte Auflage (WAIS-IV) mit einer Kontrollgruppe zu vergleichen. Weiterhin bestand 
die Absicht zu bestimmen, ob ein funktionaler Zusammenhang zwischen kognitiven Defiziten 
und klinischen Charakteristika, Komorbidität und Medikation bei ADHS Erwachsenen (vgl. Stu-
die I) und kognitiven Defiziten und Sprachdefizite, Neglekt, Gesichtsfeldeinschränkung und Post-
Stroke Depressionen bei Patienten mit einem Schlaganfall, besteht (vgl. Studie II). Um die Bedeu-
tung der Selbsteinschätzung bei ADHS Erwachsenen näher zu ermitteln, wurden ferner die Zu-
sammenhänge zwischen der kognitiven Leistungsfähigkeit und dem subjektiv eingeschätzten 
Schweregrad der ADHS-Symptomatik untersucht (vgl. Studie III). Die Ergebnisse der Studien zu 
ADHS im Erwachsenalter zeigten unterdurchschnittliche intellektuelle und kognitive Fähigkeiten 
im Vergleich zur zufällig gematchten Kontrollgruppe besonders im Arbeitsgedächtnis und in der 
Verarbeitungsgeschwindigkeit. Daher konnte der Allgemeine Fähigkeitsindex als validere Alter-
native zum Gesamt-IQ herangezogen werden (vgl. Studie I). Eine weitere Studie zu ADHS im 
Erwachsenenalter stellte insgesamt nur geringe Zusammenhänge zwischen der Selbstbeurteilung 
und dem Fähigkeitsprofil in der WAIS-IV fest (vgl. Studie III). In der Studie zur intellektuellen 
und kognitiven Leistungsfähigkeit bei links- (LHS) und rechts-hemisphärischen (RHS) Schlagan-
fallpatienten wiesen die Ergebnisse bedeutsame Beeinträchtigungen im Vergleich zu einer zufällig 
gematchten Kontrollgruppe auf. Hohe Effektstärken in den Untertests ergaben sich bei RHS Pati-
enten mit Anforderungen an räumlich-visuelle Leistungen und bei LHS Patienten mit Sprach- 
und Gedächtnisanforderungen. Spracheinschränkungen nach einem LHS hatten einen negativen 
Zusammenfassung 
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Einfluss auf Untertests mit sprachlichen Anforderungen. Neglekt und Gesichtsfeldeinschränkun-
gen reduzierten die Fehlervarianz mit Bezug auf die Untertests des Arbeitsgedächtnisses, der Ver-
arbeitungsgeschwindigkeit und der Sprache (vgl. Studie II). Es zeigte sich, dass eine Post-Stroke 
Depression die Leistung in den Untertests mit räumlich-visuellen Anforderungen und zu der Ver-
arbeitungsgeschwindigkeit einschränkt. Basierend auf den Ergebnissen wurde die klinische Nutz-
barkeit der WAIS-IV und die generelle Rolle von neuropsychologischen Verfahren in der Diag-
nostik und der Therapieplanung in den beiden Gruppen diskutiert. 
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Introduction 
 
David Wechsler (1975, p.139) 
“What we measure with tests is not what tests measure – not 
information, not spatial perception, not reasoning ability. The-
se are only a means to an end. What intelligence tests measure 
is something much more important: the capacity of an individ-
ual to understand the world about him and his resourcefulness 
to cope”.  
Clinical neuropsychology, a field that integrates clinical neurosciences and psychology, is 
concerned with the relationship between brain abnormalities and behavioural manifestations. 
Neuropsychological assessments have long served the purpose to diagnose such abnormalities. 
However, their importance in this role has diminished greatly over the past years. Nowadays, they 
contribute to the clinical management of patients with brain damage and mental illnesses by pre-
dicting the manifestations of behavioural outcomes through the quantification of strengths and 
weaknesses in knowledge and skills (Lezak, Howieson & Loring, 2004). With increasing research 
on the identification of these abilities, psychological pioneers brought about an elusive, overarch-
ing construct to characterize an individual‟s overall mental capability: intelligence (e.g. Spearman, 
1904). Following them, many techniques to measure intelligence emerged offering a chance to 
grasp the diversity and nature of human mental abilities in neuropsychology. These measurements 
form an essential component in neuropsychological assessments, because they evaluate the cogni-
tive consequences of brain damage and mental illness (Lezak et al., 2004). Today, the gold standard 
of intelligence testing are the Wechsler Adult Intelligence Scales (Hartman, 2009). Already early 
in the literature, the scales have been described as the “workhorse of neuropsychological assess-
ment” and “the single most utilised component of the neuropsychological repertory” (Lezak, 1988, 
p. 53). In its newest edition, the Wechsler Adult Intelligence Scale-IV (WAIS-IV; Wechsler, 2008) 
measures a large variety of cognitive abilities and provides an option to value one important func-
tion of clinical neuropsychology: attention. According to the Cattell-Horn-Carroll theory of cog-
nitive abilities (CHC; McGrew & Flanagan, 1998; Schneider & McGrew, 2012), attention is well 
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grounded in the construct of intelligence. Therefore, the understanding of attention deficits and 
those of other cognitive abilities can be conceived with the implementation of the WAIS-IV. Such 
information can be employed for diagnostic purposes, functional potential estimates, and treat-
ment options for patients with brain damage and mental illnesses.   
  The applications of neuropsychological assessments are especially important in conditions 
with manifested deficits in attention. These include neurological disorders as a result of brain 
damage, such as stroke and those caused by neuro-developmental dysfunctions, such as Attention-
Deficit/Hyperactivity Disorder (ADHD). Next to central deficits in attention, adults with ADHD 
or those affected by a stroke suffer from a variety of substantial defects in cognitive aptitudes, 
which negatively affect their adaptability, daily functioning and, in turn, their quality of life 
(Barker-Collo, Feigin, Parag, Lawes & Senior, 2010; Kooij et al., 2010; Zinn et al., 2004). Due to the 
adverse impact on attention, cognitive functions, and consequent functional outcomes, neuropsy-
chological testing may serve specific purposes for these groups. By identifying cognitive deficits 
and the progress of cognitive functioning, neuropsychological testing has been linked to the diag-
nostic process, treatment planning, and the prediction of functional potential for adults with 
ADHD (see Hervey, Epstein & Curry, 2004; Seidman, 2006, for reviews) as well as to the rehabili-
tation success of patients with a stroke (Barker-Collo, Feigin, Parag, et al., 2010; Heruti et al., 
2002; Nys, van Zandvoort, de Kort, van der Worp, et al., 2005; Zinn et al., 2004). In both disor-
ders, neuropsychological functioning deserves special attention.   
  Until today, ADHD in adulthood is so contentious that many clinicians have a limited 
understanding about its diagnosis, assessment, and treatment (Ramsay, 2010). In order improve 
these processes the importance of identifying neuropsychological dysfunctions has increasingly 
been stressed. This is a relatively new approach in adult ADHD and of growing interest in scien-
tific research. In clinical practice, however, the value of neuropsychological assessments is not 
fully recognised (Surman, 2013). A reason for this may be that no specific pattern of cognitive 
dysfunctions of adult ADHD has been identified yet (see Boonstra, Oosterlaan, Sergeant & 
Buitelaar, 2005; Bridgett & Walker, 2006; Schoechlin & Engel, 2005; Seidman, 2006; Woods, 
Lovejoy & Ball, 2002, for reviews). Despite the heterogeneous research findings, neuropsychologi-
cal assessments might still be beneficial to the diagnostic and treatment process for ADHD in 
adulthood. The advantage is that it is possible to more narrowly define the behaviour of interest in 
a controlled setting in order to understand the pathophysiology of the adult better. Since the diag-
nostic process of adult ADHD is centrally based on information from self-reports, whose reliability 
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have often been questioned (Kooij et al., 2008; McCann & Roy-Byrne, 2004), this approach may 
offer more objective corroborative information beyond that of self-evaluation. Therefore, the 
main purpose of integrating objective psychometric measures into the diagnostic process is to clar-
ify the underlying mechanisms for functional challenges and barriers to quality of life, which can 
also be tackled during therapy (Surman, 2013).   
  In patients with a stroke, an anatomical diagnosis is achieved through diverse imaging 
techniques. These devices, however, cannot determine the nature and severity of behavioural 
stroke sequelae (Lezak et al., 2004). Therefore, neuropsychological assessments represent an essen-
tial determinant for the manifestations of such deficits, particularly at the point of rehabilitation. 
In rehabilitation, the assessment of the cognitive status is considered indispensible because it eval-
uates the potential to actively take part in therapy. This method may improve evidence-based-
clinical decision making and rehabilitation success may increase. Despite these advantages, com-
prehensive neuropsychological assessments in rehabilitation settings have not been standardised 
and are not accomplished routinely (Barker-Collo & Feigin, 2006; Bland et al., 2013; Heruti et al., 
2002). On the contrary, the scientific community drew much attention to neuropsychological 
post-stroke impairment. Until today, however, there is no clear picture of neuropsychological 
profiles for different stroke types and at different points in the course of recovery, especially be-
cause of the heterogeneity of stroke in general and the linkage between neuropsychological per-
formance and stroke characteristics as well as clinical symptoms (Barker-Collo, Feigin, Parag, et 
al., 2010; Leśniak, Bak, Czepiel, Seniów & Członkowska, 2008; Planton et al., 2012; Wilde, 2010). 
More consistent research findings concerning neuropsychological functioning are needed for a 
more standardised application in clinical practice.    
  For both, adults with ADHD or stroke, this leads u to realisation that the role of neuropsy-
chological assessments is important. While they have certain universal uniformities in both groups 
to detect deficits and to evaluate the progressing of functioning, they serve different purposes as to 
contemplate diagnoses for adults with ADHD and to plan rehabilitation intervention for patients 
with a stroke. Accordingly, they alleviate the symptoms of the conditions. Moreover, the imple-
mentation of neuropsychological assessments for these purposes cannot be fully realised yet in 
clinical practice since the cognitive profiles that characterize both adults with ADHD or stroke are 
still diffuse. Further research, using psychometrically sound instruments that precisely define the 
cognitive patterns in each disorder, is indispensable and could offer more information on critical 
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issues in diagnostic and therapeutic approaches. The current investigation aims to fill this gap with 
the following methodology: 
The objective approach 
 The examination of WAIS-IV cognitive profiles in adults with ADHD 
 The examination of WAIS-IV cognitive profiles in patients with a stroke 
 The influence of confounding variables in WAIS-IV assessment 
The subjective approach 
 The status of self-evaluation in the assessment of ADHD in adulthood 
By providing information on these approaches, the present thesis evaluates to what extent the 
WAIS-IV is sensitive to cognitive and intellectual impairments in adults with ADHD or stroke. It 
offers insights on the benefits and drawbacks of the full and in-depth battery of the WAIS-IV in 
psychiatric and neurological rehabilitation settings, with regards to diagnosis and clinical care. 
Furthermore, since information from self-reports have often been questioned, the role of self-
evaluation in adults with ADHD is addressed and put into context with the value of psychometric 
assessment for diagnosis. For implementation purposes, the thesis was embedded within a lager 
research project involving the German standardization and adaption of the WAIS-IV. In the fol-
lowing paragraphs further details on the development of the current thesis and its underlying pro-
ject are provided.  
The originating project of the present thesis 
The present thesis, within the fields of clinical psychology and neuropsychology, was ac-
complished between 2011 and 2014 at the Centre of Clinical Psychology and Rehabilitation, Uni-
versity of Bremen. The research compared the intellectual and cognitive functioning in adults 
with ADHD and in first-ever unilateral, ischemic stroke patient in inpatient rehabilitation facili-
ties to a control group. The emphasis of the present research was the development of comprehen-
sive cognitive profiles with the WAIS-IV. The empirical studies relevant for the thesis (see Ap-
pendix B to D) originated during the German standardization and adaption of the WAIS-IV and its 
norm development at the Centre of Clinical Psychology and Rehabilitation, University of Bremen. 
Between February 2012 and August 2012, normative data was obtained from a stratified sample of 
1,454 examinees aged between 16:0 and 90:11 years. Within 13 age groups, the basis for stratifica-
tion included sex, education, and geographical regions to ensure that the normative sample consti-
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tuted a representative proportion of individuals living in Germany. A random match of the nor-
mative sample served as the control sample in the studies.   
  The present thesis focused on a cohort of adult patients with a diagnosis of ADHD and on 
a sample of elderly patients with a first-ever unilateral, ischemic stroke in inpatient rehabilitation 
facilities. The eligible participants were invited for assessment and informed about the present 
research. Those who voluntarily agreed to participate gave their written informed consent prior to 
assessment. In total, 124 adults with ADHD and 112 stroke patients were recruited and assessed 
between March 2012 and May 2013. Adults with ADHD were recruited from the „Ameos Dr Hei-
nes‟ outpatient psychiatric clinic in Bremen and via press releases and public advertisements. The 
assessment took place within the premises of the Centre of Clinical Psychology and Rehabilitation 
as well as in the outpatient clinic in Bremen. The patients with a stroke were recruited through 
two inpatient rehabilitation facilities: the „Neurozentrum Niedersachsen‟ in Bad Essen and the 
„Rehabilitation Zentrum‟ in Wilhelmshaven and their evaluation took place in their premises. The 
data served as the basis for three empirical publications, which have been published in peer-
reviewed national and international scientific journals outlined below. 
Publications 
Study I (see Appendix B): 
Theiling, J., & Petermann, F. (2014). Neuropsychological Profiles on the WAIS-IV of ADHD 
adults. Journal of Attention Disorders. Retrieved October 1, 2014, from 
http://jad.sagepub.com/content/early/2014/01/21/1087054713518241.abstract 
Study II (see Appendix C): 
Theiling, J., Petermann, F., & Daseking, M. (2013). WAIS-IV profiles in first-ever unilateral is-
chemic stroke patients. Zeitschrift für Neuropsychologie, 24, 239-252. 
Study III (see Appendix D): 
Theiling, J., Petermann, F., & Daseking, M. (2013). Zusammenhang zwischen selbsteingeschätzter 
ADHS-Symptomatik und der Leistungsfähigkeit in der WAIS-IV. Gesundheitswesen, 75, 768-744. 
Thesis outline 
The current thesis can be structured into three parts, starting with a theoretical chapter to 
provide a foundation for the investigation (section 1 and 2). Section 1 covers the diversity of atten-
tion and its role in cognitive functions and intelligence. To this end, the constructs of attention, 
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cognitive function, and intelligence are more thoroughly defined and put into context with the 
Cattell-Horn-Carroll theory. Section 2 includes an overview of those two disorders which form 
the basis of this research: ADHD in adulthood and unilateral, ischemic stroke. This section defines 
each of these conditions based on information of diagnosis, aetiology or pathogenesis, and clinical 
symptoms. Separately for each disorder, a selective overview of current neuropsychological re-
search is provided and the assessment process is portrayed. Based on the literature review provid-
ed in these sections, section 3 presents the present empirical investigation by outlining the ra-
tionale and aims of the studies on adults with ADHD or stroke.   
  The second part moves on to the methods of the current research (section 4 and 5). Section 
4 provides an overview of the target populations, sample compositions, and the control group. 
Subsequently, the assessment tools used, the data management, and the use of statistical analyses 
are outlined. In section 5, the results of this research are summarised and supplementary statistics 
are portrayed.   
  The final part discusses the results of the current research and offers advice to clinical care 
to consider the advantages and limitations of the WAIS-IV for assessment and treatment of ADHD 
in adults and stroke (section 6 and 7). Section 6 distils the clinical implications of the results for 
diagnostic and therapeutic purposes. For both conditions, the general role of neuropsychological 
assessments to the diagnostic process and therapeutic intervention is addressed and critically dis-
cussed. General limitations to the research methods and design are outlined last. Section 7 includes 
a main conclusion and constitutes the closing part for his work. The appendices comprise supple-
mentary material on the WAIS-IV, print-outs of the published studies, a state of the author‟s con-
tribution to the publications, and the declaration of originality. 
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1 Towards a conceptual framework  
 
Cognition is a component of human behaviour that contributes to the comprehension and 
acquisition of new knowledge by relating existing information, perception, and action in a mean-
ingful way. In the field of cognitive psychology, cognition is studied by observing how and why 
humans‟ think, reason, learn, and remember. Many different mental abilities contribute to the 
nature of cognition but they cannot be directly observed and only be inferred from behaviour. 
Since observed performance is the only way to reconfigure mental abilities their clustering de-
pends on the perspective and the techniques used for identification (Lezak et al., 2004). In order to 
establish a theoretical foundation for the present thesis, the following section provides a classifica-
tion for three constructs, whose meanings are related to the concept of cognition. These include 
attention, cognitive functions, and intelligence. A definition for each of these concepts is provided 
and their relationship to each other is discussed. 
1.1 Attention  
Attention is one of the oldest controversial topics in psychology and still an incoherent 
construct today. Many years of research created the consistent view of attention as a multidimen-
sional construct with different facets (Cohen, R. A., 1993). Some taxonomies that evolved are psy-
chological (Mirsky, Anthony, Duncan, Ahearn & Kellam, 1991; Van Zomeren & Brouwer, 1994), 
others are based on neuroanatomy (Mesulam, 1985; Posner & Petersen, 1990). Therefore, different 
fields within the profession consider attention from various perspectives: some within behavioural 
dimensions (e.g. Diagnostic and Statistical Manual of Diseases) and others with respect to neuro-
psychology. Despite this ambiguity, a working definition of attention needs to be provided. Since 
most neuropsychological researchers accepted the multifaceted nature of attention its definition is 
grounded in the field of neuropsychology.   
  Attention has been described as an “assembly of basic abilities” (p. 247) and is often under-
stood as “the allocation and control of limited processing resources in stimulus-driven and data-
driven mental information processing” (Schweizer, 2010, p. 250). Since many researchers have a 
similar understanding of the controlling and allocating character of attention for more complex 
cognitive abilities (Schweizer, 2005, 2010), it is mostly depicted as a higher-order mental pro-
cessing system in the brain, which is divided into several sub-components (see Table 1). The inte-
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grated set of correlates in the brain mediates the efficacy of cognitive functions and produces neu-
ropsychological impairment when the relevant brain regions are damaged (Cohen, R. A., 1993; 
Parasuraman, 1998; Posner & Petersen, 1990). This allows the prediction that cognitive disturb-
ances and behavioural manifestations in conditions with central deficits of attention probably 
have their underlying causes within one or more of its components. 
Table 1. Sub-components of attention 
Selective attention 
(also focused attention) 
The process of stimulus discrimination in a temporal-spatial frame of refer-
ence. Attention can be continuously shifted to the stimulus in focus, volun-
tarily or involuntarily, and can be directed by events in the outer environment 
(Cherry, 1953; Cohen, R. A., 1993).  
 Sustained attention Characterised by mental effort and to remain attentive to one or more sources 
of information continuously (Davies, Jones & Taylor, 1984). 
 Divided attention The monitoring of multiple sources of information at once, effortful or auto-
matic. It focuses on the effect of limited capacity and the ability to divide re-
sources in dual-tasks, which involve the presentation of simultaneous infor-
mation (Posner & Boies, 1971; Treisman, 1969).  
 Alertness  
(also vigilance) 
A state of wakefulness to detect stimuli that are presented infrequently over a 
longer period of time, with the ability of orienting or the capability of stable 
activation of attention (Posner & Petersen, 1990).  
 Attention switching The ability to shift the focus of attention between locations, indicated by a cue 
(Van Zomeren & Brouwer, 1994) 
 Attentional control A higher mental process that monitors and regulates responses. It amplifies 
relevant information and decreases activation of irrelevant/interfering infor-
mation. Hence, it is responsible for inhibitory functions and complex goal-
oriented behaviour (Norman & Shallice, 1986; Posner & Petersen, 1990; 
Posner & Rothbart, 2007). 
Note. All components have two broad dimensions: intensity and selectivity, of which the former denotes 
the capability to activate and maintain attention (e.g. alertness, sustained attention) and of which the 
latter includes the alteration of responsiveness to a stimulus from a set of others (e.g. selective, divided 
attention). 
1.2 Cognitive functions 
Cognitive functions are divided into different classes and consist of many different abili-
ties, which (1) select and integrate information, (2) store and retrieve information, (3) (re)organize 
information, and (4) act upon this information. Thus, they embody multiple domains of mental 
abilities that are essential for human thinking, reasoning, learning, and remembering. Each of the 
classes comprises more specific abilities, for example object recognition, concept formation, short 
term memory or speed of information processing. These abilities can be distinguished conceptual-
ly but their classification is not straightforward since the different abilities overlap and interact 
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with each other (Lezak et al., 2004). Together, they are often described as an intellectual process 
and the fundamental core of intelligence (Sternberg, 2009). The present thesis refers to all of these 
as cognitive functions, the umbrella term for specific components of intellectual abilities, which 
when deficient involve specific functional impairment.  
They are to be separated from executive functions1, which represent more complex and 
global abilities that supervise, control, organize, maintain, and integrate cognitive functions in 
order to initiate goal-oriented behaviour (Lezak et al., 2004). Until today, there is no formally 
agreed-upon definition on executive functions and there is little consensus of the components 
included. However, they have often been used to describe a variety of specific functions that deal 
with abstract thinking, inhibition, novelty, control, problem-solving, planning, and mental flexi-
bility. Sometimes attention is subordinated to executive functions (e.g. Purdy, 2011) and been 
considered to underlie and maintain the activity of cognitive functions (Lezak et al., 2004). The 
relationship between attention and cognitive functions is further specified in the following.  
Attention and the conceptualization of cognitive functions 
Regarding attention as a multidimensional construct also implies that it has indistinct 
boundaries with cognitive functions (Schmidt-Atzert, Krumm & Bühner, 2008; Schweizer, 
Moosbrugger & Goldhammer, 2005). It is difficult to separate them from each other as their func-
tions are interrelated and their definitions are controversial. Therefore, it is widely accepted that 
attention is an integral component to the conceptualization of cognitive functions. Particularly, 
the close relationship between attention and working memory as well as processing speed has 
been emphasised in the literature (Schweizer, 2010; Schweizer & Moosbrugger, 2004; Spikman & 
van Zomeren, 2010). Different theoretical models have evolved over the past decades to explain 
their relationship.  
One model proposes the role of attentional control (Schneider & Shiffrin, 1977), also re-
ferred to as the supervisory attentional system (Norman & Shallice, 1986), in relation to working 
memory (e.g. Baddeley & Hitch, 1974; Cowan, 1988). The construct of attention is here under-
stood as a function of higher mental processing and as considerably intertwined with working 
memory functions (Engle, 2002; Engle, Tuholski, Laughlin & Conway, 1999; Kane, Bleckley, 
Conway & Engle, 2001). Their relationship becomes evident in many neuropsychological tests, for 
example, in simple memory tasks, such as „Digit Span Forward‟. During this task, attentional con-
                                                     
1 There is no intention of the present thesis to elaborate thoroughly on executive functions. However, its term will still 
play a role throughout these lines. Therefore, it is important to understand its meaning. 
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trol can enhance performance by engaging to maintain information in short-term memory. In 
more complex span tasks, for example „Digit Span Sequencing‟, the efficiency of attentional con-
trol can be measured more directly as great demands are placed on these mechanisms through 
information that needs to be encoded, processed, and successfully transferred and retrieved from 
long-term memory (Schneider & McGrew, 2012). Additional credence for the idea of their relat-
edness originates from neuroimaging studies that indicate similarities in neuronal activation and 
overlaps of active brain structures during attentional and working memory performance (e.g. 
Pessoa & Ungerleider, 2004).  
The role of attention in information processing serves mainly as a source of efficiency for 
quick availability of information, simultaneous processing or coordination. In other words, speed 
and accuracy during which information is processed relates to changes in attention. As such, indi-
viduals with intact cognitive functions, such as language comprehension and visuo-spatial abilities 
may still perform poorly on processing speed tasks due to an inappropriate allocation of attentional 
resources (Cohen, R. A., 1993). Sometimes authors categorize attention as a special variant of pro-
cessing speed (Schmidt-Atzert et al., 2008) or emphasize their relationship in theoretical models, 
such as the Cattell-Horn-Carroll theory of cognitive abilities (CHC; Schneider & McGrew, 2012). 
According to the CHC perspective, great credence is being placed to the aspect of attention during 
processing tasks in Wechsler Intelligence Scales. Subtests measuring processing speed are suggest-
ed to be strongly influenced by sustained attention, shifting of attention, and adaptive allocation of 
attention. In addition to processing speed, other cognitive abilities in the CHC model also interact 
with attention. In the literature, it is discussed to what extent attention explains the concept of 
intelligence (Schweizer, 2010). In order to understand their association, the following section de-
fines intelligence and addresses their relationship by taking into account the CHC perspective. 
1.3 Intelligence 
Intelligence is a controversial topic in psychology and today there is a lack of agreement 
on a theory and its structure. Looking back at a long theoretical history2, David Wechsler contin-
ues to be one of the most accepted professionals in the field of intelligence. With his conception 
that intelligence is “the aggregate or global capacity of the individual to act purposefully, to think 
rationally, and to deal effectively with his environment” (Wechsler, 1939, p. 3), he established a 
                                                     
2 For a comprehensive review on theories of intelligence and its assessment please refer to Flanagan, Genshaft and 
Harrison (2012).  
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“gold standard” for our contemporary understanding. That is, intelligence as a multidimensional 
construct composed of different abilities and a global index for cognitive functions. Therefore, it is 
not regarded as a narrow and stable construct but a rather dynamic and integrative one (Flanagan 
et al., 2012; Schneider & McGrew, 2012), which predicts many life outcomes such as achievement, 
educational and occupational success, as well as adult poverty and pathology (Gottfredson, 1997). 
Based on this theory, many factor-analytic studies examined the amount of variance explained by 
other cognitive functions. To illustrate, attention has often been included to define individual 
intellectual differences (Schweizer et al., 2005) and a large proportion of variance in intelligence 
has been found to be explained by attention (Schweizer, 2010). With the idea in mind that atten-
tion is involved in intelligence and perhaps a reasonable mediator of other cognitive functions, it 
is important to consider their relationship within the confines of modern psychometric theories of 
intelligence, such as the CHC theory. 
The Cattell-Horn-Carroll theory of intelligence 
For the present thesis, the first comprehensive and empirically validated model of cogni-
tive abilities is outlined. The CHC theory is an hierarchical model of intelligence proposed by 
McGrew and Flanagan (1998) and integrates Carroll‟s three-stratum (Carroll, 1993) and the Cat-
tell-Horn model of fluid (Gf) and crystallised (Gc) intelligence (Horn & Noll, 1997). Concisely, the 
three-stratum theory proposes a three-tier model of cognitive abilities that includes the general 
intelligence factor (g) at the broadest level (stratum III), broad abilities which represent stable 
characteristics of humans at stratum II (e.g. Gf and Gc), and a number of narrow abilities at stra-
tum I (see Carroll, 1993, for detailed information). The Cattell-Horn model originally involves 
Cattell‟s idea that g was best explained by Gf and Gc. A refinement by Horn extended the theory 
into a model of cognitive abilities with the inclusion of an array of broad abilities beyond that of 
Gf and Gc (Horn & Cattell, 1966). With the integration of both models (Flanagan, Genshaft & 
Harrison, 1997; Flanagan et al., 2012), the contemporary conceptualization of the CHC model 
serves as an umbrella model for the theory of intelligence and has formed the foundation for a 
large number of tests for intelligence (Schneider & McGrew, 2012). For example, the Wechsler 
Adult Intelligence Scale-IV (WAIS-IV; Wechsler, 2008) represents six broad abilities, including 
Gf, Gc, Visual Processing (Gv), Short-Term Memory (Gsm), Processing Speed (Gs), and Quantita-
tive Knowledge (Gq). The extent to which the CHC theory is grounded in the WAIS-IV is depict-
ed in Figure 1. For more information on CHC abilities and the WAIS-IV please refer to the Table 
A1. 
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Figure 1. CHC theory partly grounded in the WAIS-IV (adapted from Schneider & McGrew, 2012). 
AR, Arithmetic; BD, Block Design; CD, Coding; DS, Digit Span; FW, Figure Weights; Ga, Auditory pro-
cessing; Gc, Crystallised intelligence; Gf, Fluid reasoning; Glr; Long-term storage and retrieval; Gq, Quanti-
tative knowledge; Gs, Processing speed; Grw, reading and writing; Gsm, Short-term memory; Gv, Visual 
processing; IN, Information; LNS, Letter-Number Sequencing; MR, Matrix Reasoning; PC, Picture Comple-
tion; SI, Similarities; SS, Symbol Search; VC, Vocabulary; VP, Visual Puzzles; WAIS-IV, Wechsler Adult 
Intelligence Scale - Fourth Edition. 
Attention and the conceptualization of the CHC theory  
Attention is not represented as an independent ability within the CHC theory although it 
has often been empirically linked to g (e.g. Burns, Nettelbeck & McPherson, 2009; Schweizer et 
al., 2005). Even pioneers of intelligence, such as Charles Spearman and John Bissell Carroll pro-
posed early that attention is an essential source of g (Stankov, 1983) and that “attention is involved 
[…] in all cognitive performances and, thus, in all performances that are regarded as indicating 
cognitive abilities” (Carroll, 1993, p. 547). In this regard, research supports earlier views on this 
relationship with the observation that tasks in intelligence tests, which have a high loading on g, 
also demand allocation of processing resources (Schweizer, Zimmermann & Koch, 2000). Howev-
er, studies considering the role of attention in intelligence vary in their findings. This may be due 
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to how differently intelligence is conceptualised. Accumulative research investigating the rela-
tionship between attention and the CHC perspective of intelligence using factor-analytic analyses 
particularly emphasize an association between different components of attention and g as well as 
an overlap between measures of Gf and Gs with those of attention (Schweizer et al., 2000). Most 
importantly, sustained attention was found to predict intelligence (Schweizer & Moosbrugger, 
2004) and was closest associated to Gf (Crawford, 1991). Other constructs of attention, of which 
some had great similarities to Gs, have been identified to load high on general intelligence 
(Schweizer et al., 2005). Further credence to the relationship between attention and intelligence 
was added from a factor analytic study suggesting that the performance in tasks that approximate 
Carroll‟s taxonomy of general intelligence can be predicted by a battery of attention tests (Burns et 
al., 2009). Together, these findings assume that (a) attention in general is an essential aspect that is 
integrated in the concept of intelligence according to the CHC theory, that (b) sustained attention 
is especially related to Gf because it reflects important properties of information-processing and in 
turn is most closely related to general intelligence, and (c) that sustained attention is related to Gs, 
because of the great overlap between measures of sustained attention and processing speed. Con-
sidering this, it becomes clear that attention is narrowly intertwined with intelligence and cogni-
tive functions. Therefore, many pathological conditions with deficits of attention experience sub-
tle or severe dysfunctions in general intellectual and cognitive functioning. In order to understand 
the nature of attention deficits and their consequences, the next section introduces two pathologi-
cal conditions with central deficits of attention.  
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2 Disorders related to attention deficits 
 
Attention deficits of neurological conditions and mental illnesses serve as the underlying 
basis for inappropriate operation of cognitive functions; some of which are more severely affected 
than others, yet, none of them can operate at normal levels (Gitelman, 2003). Generally, the na-
ture of attention deficits varies as a function of the type of condition which is considered. There-
fore, psychiatric developmental and neurological conditions can affect attention and cognitive 
domains differently. In turn, these deficits result in diverse symptomatic manifestations. Some 
disorders produce large disturbances (e.g. hemispatial neglect), whereas others result in wide rang-
ing cognitive deficits (Cohen, R. A., 1993). To understand the clinical aspects of both, psychiatric 
and neurological disorders and their consequences, the following sections introduce two distin-
guishable conditions with central deficits of attention. One is drawn from the field of psychology, 
a psychiatric neuro-developmental disorder of attention, Attention Deficit Hyperactivity Disorder 
(ADHD), and another from the field of neurology, which is a medically acquired neurological dis-
order, stroke. The following part introduces these disorders separately in terms of their aetiology, 
pathogenesis, and clinical picture.  
2.1 Psychiatric neuro-developmental disorder of attention (ADHD) 
ADHD has long been thought to be a disorder only occurring in children. In 1970, ADHD 
was first mentioned in adults and a sizeable foundation of research supports the notion that it per-
sists, as a reliable and valid disorder, into adulthood (Barkley, Fischer, Smallish & Fletcher, 2002; 
Biederman, Petty, Evans, Small & Faraone, 2010; Kessler et al., 2010). The extent to which symp-
toms of ADHD continue into adulthood is difficult to estimate because of methodological hetero-
geneities across studies. Thus, rates of children with ADHD still demonstrating symptoms as adults 
range between 29% and 76% (Barbaresi et al., 2013; Biederman, Petty, Clarke, Lomedico & 
Faraone, 2011; Biederman, Petty, Evans, et al., 2010; Biederman, Petty, Monuteaux, et al., 2010; 
Kessler et al., 2006; Lara et al., 2009). Despite this very high persistence, the acceptance of ADHD 
as a lifespan disorder is relatively recent (Schmidt & Petermann, 2009b). Currently, the prevalence 
of adults who meet the criteria for ADHD has been estimated3 at 4.4% in the United States 
(Kessler et al., 2006) and 4.7% in Germany (Zwaan et al., 2012). Regarding its economic burden, 
                                                     
3 Estimates vary due to the application of different diagnostic criteria and sample selection (see Simon, Czobor, Bálint, 
Mészáros & Bitter, 2009, for a review). 
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recent research found substantial costs of adult ADHD in the United States (see Doshi et al., 2012, 
for a review). Overall, the national increment costs (= societal costs) for adult ADHD or to the 
adults‟ family members were estimated up to $194 billion. These costs were substantially higher 
than those for children and adolescents. The largest costs indicated for adults were those for 
productivity and income loss ($87 to $137 billion). This suggests that ADHD in adulthood affects 
not only the adults themselves but the whole society in many areas of life. 
Since it was accepted that ADHD affects adults, a large amount of scientific studies has 
emerged, but the literature is often contradictory in discussing its aetiology, clinical symptom 
presentation, assessment, diagnosis, and treatment. Together, the growing evidence and opinions 
about the disorder bring confusion into clinical practice and there is an urgent need to develop 
some uniformity into the discussion of adult ADHD. The purpose of this section is to offer an 
overview of ADHD in adulthood. More particularly, it defines ADHD in adults by providing a 
brief outline on the diagnostic criteria and recent acknowledgements, aetiology and neurobiology, 
symptoms, and comorbid conditions. A more thorough part addresses current research findings on 
neuropsychological deficits. Subsequently, an overview of the assessment process in clinical prac-
tice is provided.  
2.1.1 Definition of ADHD in adults 
ADHD is a dimensional disorder, which indicates that it is not possible to determine a di-
agnosis based on the simple presence of abnormal behaviour or clinically significant test results. 
Instead, ADHD related symptoms represent the end of a dimension of cognitive processes that 
generate deficits in self-regulation, impulse-control, attention, and organization. Given that these 
problems are not considered features of ADHD alone, the distinct developmental and symptom 
profile needs to be recognised through comprehensive assessment methods. Only then, may an 
adequate diagnosis of ADHD be established (Ramsay, 2010). Sufficiently diagnosing ADHD in 
adulthood remains challenging and accordingly up to 90% of the adults remain undiagnosed and 
untreated (Kessler et al., 2006). This suggests that ADHD in adults is poorly understood. The barri-
ers brought along include (a) the unspecified nature and the underlying reasons of ADHD, (b) the 
nonspecific symptoms and high levels of comorbidity, (c) the lack of diagnostic guidelines, and (d) 
unspecific assessment methods (Parker et al., 2012). These obstacles contribute to uncertainties in 
clinical practice. As such, 72% of clinicians find it more difficult to diagnose ADHD in adults than 
in children, 34% are not very knowledgeable about diagnosing ADHD in adults, and almost half 
are not confident enough to give a diagnosis (Adler, Shaw, Sitt, Maya & Ippolito, 2009). Consider-
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ing this, it seems not surprising that many mental health professionals fail to recognize ADHD in 
adults. Very problematic are diagnostic classification systems because they stipulate the criteria in 
adults the same way they are applied in children. A concise overview on the diagnostic criteria of 
adult ADHD follows, with reference to recent acknowledgements and changes in diagnostic 
guidelines. 
Diagnostic criteria 
A diagnosis of ADHD in adults is based on developmentally inappropriate symptoms of inat-
tention, hyperactivity, and impulsivity, which are outlined in diagnostic classification systems, 
including the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV-TR; 
American Psychiatric Association, 2000), International Classification of Diseases (10th ed.; ICD-
10; World Health Organisation, 1992), and the Wender-Utha criteria (Retz-Junginger et al., 2002; 
Ward, Wender & Reimherr, 1993). Compared to the ICD-10 and the DSM-IV-TR, the Utah crite-
ria have high levels to infer an ADHD diagnosis (Rösler, Retz, et al., 2008). The DSM-IV-TR and 
ICD-10 almost equally classify ADHD symptoms but they differentiate in the combination of cri-
teria to achieve a diagnosis: the ICD-10, most often used in Europe, more conservatively empha-
sizes the presence of ADHD symptoms. Persistent symptom patterns of inattention and hyperac-
tivity/impulsivity must be present to achieve a diagnosis of ADHD (F90.0). The DSM-IV-TR dif-
ferentiates between subtypes of inattention and hyperactivity/impulsivity and classifies three sub-
types: predominately hyperactive, predominately inattentive, and a combined type of the former 
forms. Since the criteria of both classification systems were designed to diagnose children with 
ADHD a strict usage of them leads to under-diagnoses in adults (Kooij et al., 2010). Emerging from 
these results are claims that propose inadequate thresholds of the DSM for adults with ADHD 
(Barkley, Murphy & Fischer, 2008). By siding with the developmental view of ADHD, it has been 
suggested that using a threshold of four symptoms best classifies adults with ADHD. Many similar 
assertions evolved from longitudinal empirical research (e.g. UMass and Milwaukee Study; 
Barkley et al., 2008) and provoked recent advantages in diagnostic development. Today, the DSM 
in its fifth edition (5th ed.; DSM-V; American Psychiatric Association, 2013) acknowledges ADHD 
as a disorder occurring in adults by including more emphasised diagnostic criteria and more accu-
rately characterizing symptoms. With the DSM-V, adults who previously met partial remission 
criteria or who did not receive a diagnosis can now meet the diagnosis of persistent ADHD. That 
means that diagnoses of ADHD in adulthood may increase in the future (see Faraone, Biederman 
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& Mick, 2006, for a review). The most important changes to diagnosing ADHD in adulthood are 
outlined below and the diagnostic criteria are depicted in Table 2.  
 Onset: the age of onset criterion has been broadened and includes ADHD symptomatology 
by the age ≥ 12 years.  
 Reduction of symptom threshold: with the recognition of age dependent changes in the 
course of ADHD, only ≥ 5 instead of six required symptoms of inattentive/hyperactive-
impulsive are required (≥ 17 years).  
 Increase of number of symptoms: more impulse control symptoms have been added. Thus, 
the list of hyperactive-impulsive symptoms has been increased to 13. 
 Elaboration of symptoms: specific descriptions of behaviour have been added to the crite-
rion list to facilitate the symptom application throughout development.  
 Exclusion criteria: Autism Spectrum Disorder is no longer a criterion of exclusion for a di-
agnosis of ADHD.  
 Chapter category: ADHD is now considered as a neuro-developmental disorder in order to 
emphasize disturbances in brain developmental aspects, thereby eliminating the sole focus 
of ADHD in infancy and childhood.  
Table 2. Diagnostic criteria of the DSM-V for adult ADHD (≥ 17 years) 
 Hyperactivity/ 
Impulsivity  
Inattentive  Combined  
I Inattention  not required ≥ 5 (for 6 months) ≥ 5 (for 6 months) 
 Hyperactivity/ 
Impulsivity  
≥ 5 (for 6 months) not required ≥ 5 (for 6 months) 
 II Age of onset ≤ 12 years ≤ 12 years ≤ 12 years 
 III Settings  ≥ 2 ≥ 2 ≥ 2 
 IV Functional im-
pairment 
There is clear evidence that the symptoms interfere with, or reduce, the quali-
ty of social, academic, or occupational functioning 
 V Exclusion criteria  The symptoms are not present during the course of schizophrenia or other 
psychotic disorder and they are not better explained by other conditions such 
as mood or anxiety disorder, dissociative or personality disorder or substance 
intoxication or withdrawal 
Note. Further specification can be made in (1) severity: mild, moderate, and severe and in (2) partial re-
mission: previously met full diagnostic criteria, fewer than the full criteria met during the past six months, 
and ADHD-related symptoms lead to impairment in functional outcomes (American Psychiatric 
Association, 2013).  
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Aetiology and Neurobiology 
ADHD is a heterogeneous disorder with multiple and complex aetiologies, which are not 
yet clearly determined. Generally, it is agreed that both inherited (genetic) and no-inherited (en-
vironmental) risk factors interdependently contribute to the development of ADHD (Nigg, 
Nikolas & Burt, 2010). Studies have identified genetic risk factors (Faraone & Doyle, 2001) with 
heritability as high as 75% to 91% (Faraone et al., 2005; Levy, Hay, McStephen, Wood & 
Waldman, 1997) and causes, including prenatal compromises or delivery complications (Mick, 
Biederman, Prince, Fischer & Faraone, 2002), environmental toxins, dietary factors (e.g. nutrition-
al deficiencies, nutritional surpluses), and psychosocial adversity (see Thapar, Cooper, Eyre & 
Langley, 2013, for a review). Moreover, there is robust evidence for neurobiological causes. Con-
verging evidence suggests changed brain activation pattern. Thus, a large body of studies report 
fronto-striatal dysfunction and dopaminergic and noradrenergic imbalances of neurotransmission 
in the prefrontal cortex for the clinical presentation of ADHD (e.g. del Campo, Chamberlain, 
Sahakian & Robbins, 2011; Konrad et al., 2010; Russell, 2002). Furthermore, growing Function-
al/Magnetic Resonance Imaging research provides robust evidence of cortical thinning and smaller 
volumes of right frontal areas, dorsolateral prefrontal cortex, cerebellum, caudate, pallidum, and 
corpus callosum (Durston et al., 2004; Makris et al., 2007; Seidman et al., 2006; Valera, Faraone, 
Murray & Seidman, 2007). The above structural and functional brain abnormalities subserve defi-
cits in attention, executive functions, and cognitive processes, which in turn lead to inefficient 
behaviour and functional impairment (Barkley, 1997, 1999; Castellanos & Tannock, 2002). To 
date, there is no consensus on the causal determinants for behaviour associated with ADHD.  
Behavioural symptoms 
Neuropathological approaches of ADHD assume that an inefficient behavioural outcome is 
manifested through disturbances of neuropsychological functions, which are linked to frontal 
brain regions (see Castellanos & Tannock, 2002; Huang-Pollock & Nigg, 2003; Willcutt, Doyle, 
Nigg, Faraone & Pennington, 2005, for reviews). Especially in childhood, these disturbances are 
reflected in the presence of inappropriate levels of inattentive-disorganised and hyperactive-
impulsive behaviour across different settings. Given that it has been refuted that children grow 
out of disorder (Barkley, Fischer, et al., 2002; Biederman, Petty, Evans, et al., 2010), it is widely 
accepted that ADHD core symptoms persist throughout development. However, in adults there is 
a significant decrease of symptoms accounted for by a reduction of hyperactivity and impulsivity. 
That is to say, the symptom severity and quality, as well as long-term effects across multiple life 
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domains change over time. A reason for this may be ongoing brain maturation and different re-
sponsibilities that face adults in daily life. As a result, they may experience more heterogeneous 
symptoms, primarily those marked by inattention. Moreover, adults are more likely to exhibit 
neuropsychological disturbances, which adversely affect their functional outcomes (see Hervey et 
al., 2004; Seidman, 2006, for reviews).  In the adults‟ daily life, these symptoms lead to severe 
interferences. For example, symptoms of inattention are associated with disorganization and dis-
tractibility as well as increased sensitivity to stress. Hyperactivity results in fidgeting and excessive 
talk. Symptoms of impulsivity are expressed by excessive impatience and acting without thinking 
(Kooij et al., 2010). As detrimental as the negative effects of the symptomatology on the adults 
themselves are the adverse effects on social functioning. They may lead to frequent changes in 
partnerships (Robin & Payson, 2002), impaired parenting processes (Harvey, Danforth, McKee, 
Ulaszek & Friedman, 2003), reduced educational attainment or occupational performance 
(Biederman, Petty, Fried, Kaiser, et al., 2008; de Graaf et al., 2008; Gjervan, Torgersen, Nordahl & 
Rasmussen, 2012), unemployment and lower financial resources (Kessler, Adler, Ames, Barkley, et 
al., 2005; Kessler, Lane, Stang, Van Brunt & Trott, 2008), increased rates of criminality (Mannuzza, 
Klein & Moulton, 2008; Ziegler, Blocher, Bro & Rösler, 2003), risky driving and increased car ac-
cidents (Barkley, Murphy, Dupaul & Bush, 2002; Fischer, Barkley, Smallish & Fletcher, 2007), and 
exacerbated addictive illnesses (Ohlmeier et al., 2008). 
Comorbidity  
The general probability of comorbid diagnoses increases with age (Yang, L. et al., 2007) 
and in intensity (Kessler et al., 2006). Accordingly, the clinical picture of ADHD in adults is 
marked by an elevated prevalence of comorbid psychiatric conditions. This implies an increased 
heterogeneity of symptoms and subsequent complications in the diagnostic process. Prevalence 
rates of at least one other comorbid condition in adults with ADHD have been estimated as high as 
87%. At least two other comorbid disorders have been found in 56% of the adults (McGough et al., 
2005; Torgersen, Gjervan & Rasmussen, 2006). The most frequent reported comorbid disorders 
include anxiety disorders (≈ 47%), mood disorders (≈ 38%), impulse control disorders (e.g. Bod-
erline Personality Disorder) (≈ 20%), and substance use disorders (≈ 15 to 47%; Kessler et al., 2006; 
McGough et al., 2005).  
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2.1.2 Current state of research: Neuropsychological functions in adult ADHD 
Over the last 40 years, it has been demonstrated that the developmental alterations of 
ADHD were not only related to behavioural impairments but also to neuropsychological deficits 
(see Seidman, 2006, for a review). Until recently, most research on neuropsychological functions 
has been built upon studies on childhood ADHD. However, the findings are not always consistent 
across developments, depicting neuropsychological deficits often differently in adults with ADHD 
(Rashid, Morris & Morris, 2001; Schoechlin & Engel, 2005; Thaler, Bello & Etcoff, 2013; Valko et 
al., 2009; Valko et al., 2010). Yet, sometimes equal impairment has been indicated in children and 
adults (see Hervey et al., 2004; Woods, Lovejoy & Ball, 2002, for reviews). Generally found in 
adults with ADHD are a broad and heterogeneous range of deficient neuropsychological functions 
in comparison to healthy individuals (see Bridgett & Walker, 2006; Frazier, Demaree & 
Youngstrom, 2004; Hervey et al., 2004; Schoechlin & Engel, 2005, for reviews). Impairment has 
been identified in up to 50% of the adults (Lovejoy et al., 1999). This suggests that not all adults 
with ADHD show evidence of these deficits, but that does not imply that normal test scores rule 
out a diagnosis of ADHD (Seidman et al., 2004). In terms of gender differences, neuropsychologi-
cal deficits have been found to be largely the same for boys and girls with ADHD (see Seidman, 
2006, for a review). Similar findings have been reported in the adult literature (Biederman, 
Faraone, Monuteaux, Bober & Cadogen, 2004; Silva et al., 2013).   
  A debate surrounding neuropsychological research pertains to whether neuropsychologi-
cal deficits are independent of comorbid psychiatric conditions or are in fact an artefact (Faraone 
et al., 2000; Marchetta, Hurks, De Sonneville, Krabbendam & Jolles, 2008; Marchetta, Hurks, 
Krabbendam & Jolles, 2008; Seidman, 2006; Silva et al., 2013). According to the common aetiology 
hypothesis, there is a negative additive effect on neuropsychological functions in adults with 
ADHD and comorbid conditions. This means that deficits are combined and are, thus, more pro-
nounced compared to adults without comorbid conditions (described in Willcutt, Pennington, 
Olson, Chhabildas & Hulslander, 2005). However, research still remains inconclusive. Similarly, a 
discussion on the influence of psychopharmacological mediation (e.g. methylphenidate) on neuro-
psychological functions has been started. Some argue that a stable medication intake does not 
normalize performance on neuropsychological tests in adults with ADHD (Advokat, 2010; Müller 
et al., 2007), yet others support the idea of stimulants as cognitive enhancers (Aron, Dowson, 
Sahakian & Robbins, 2003; Turner, Blackwell, Dowson, McLean & Sahakian, 2005). Generally, it is 
indicated that the benefit of medication on performance is task specific (Kurscheidt et al., 2008). 
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In what follows, an overview of research findings on neuropsychological deficits in adults with 
ADHD is provided, individually for different cognitive domains and for general intellectual func-
tioning. This outline is not exhaustive, but serves to illustrate the most important research findings 
to ensure that the full breadth of deficits in adults with ADHD is considered. The focus is on re-
cent research, which is based on standardised neuropsychological assessment measures. Table 3 
summarizes these findings.  
Attention in adults with ADHD 
Theories emphasize the central role of attention in ADHD for behavioural outcomes 
(Biederman, Mick & Faraone, 2000). Deficient deployments of attention are the most consistent 
finding in adults with ADHD. Across studies, the effects sizes of neuropsychological tests measur-
ing attention range between medium and large (see Hervey et al., 2004, for a review). These ef-
fects were particularly reported on sustained attention and vigilance (Marchetta, Hurks, De 
Sonneville, et al., 2008; Schoechlin & Engel, 2005) but were not always verified (Epstein, Conners, 
Sitarenios & Erhardt, 1998; Holdnack, Moberg, Arnold, Gur & Gur, 1995). Some research found 
evidence of general inattention (e.g. errors of omission) and deficits in controlled attentional pro-
cesses (e.g. response inhibition; Epstein, Johnson, Varia & Conners, 2001; Fischer, Barkley, 
Smallish & Fletcher, 2005; Pazvantoğlu et al., 2012; Walker, Shores, Trollor, Lee & Sachdev, 2000; 
Young & Gudjonsson, 2005). There are limited findings on adults with ADHD and deficits in se-
lective and divided attention (Woods, Lovejoy, Stutts, Ball & Fals-Stewart, 2002; Young & 
Gudjonsson, 2005). Overall, the results on deficient attentional constructs are inconsistent and, at 
times, contradictory. It seems that attentional dysfunctions were found more often in more com-
plex tasks with increased attentional demands, such as „4th Stroop Test‟ or „Trail Making Test-B‟, 
compared to tasks with basic attentional demands, such as „Digit Span Forward‟ (Pazvantoğlu et 
al., 2012; Rohlf et al., 2012; Schoechlin & Engel, 2005). In terms of comorbidity, research showed 
that comorbid disorders in adults with ADHD are positively related to attentional deficits (see 
Woods, Lovejoy & Ball, 2002, for a review). Others have found that sustained attentional perfor-
mance is independent of comorbidity, but that adults with comorbid conditions are characterised 
by more severe problems of focused attention (Marchetta, Hurks, De Sonneville, et al., 2008). A 
large number of studies are inconsistent and the effect of comorbidity was not controlled for (see 
Woods, Lovejoy & Ball, 2002, for a review). Furthermore, research on adults with ADHD were 
medicated with stimulants provided evidence for an improvement of reaction times and increased 
hit rates in tests measuring sustained attention or vigilance. However, stimulus evaluation (index 
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of impulsivity) in demanding attentional tasks requiring more enhanced attentional abilities 
seemed not to be affected or even impaired by stimulants (Advokat, 2010; Barrilleaux & Advokat, 
2009; Turner et al., 2005).  
Executive functions in adults with ADHD 
Since ADHD has been conceptualised as a condition of behavioural inhibition (Barkley, 
1997), a large body of research primarily focused on aspects of executive functions, which have 
consistently been found deficient (see Willcutt, Doyle, et al., 2005, for a review). However, theo-
ries of executive functions as core deficits have increasingly been questioned (Castellanos, Sonuga-
Barke, Milham & Tannock, 2006; Nigg, 2001). Nevertheless, much research noted poor perfor-
mance on neuropsychological instruments that assume to measure executive functions and con-
firmed deficits in several domains. As such, small to medium effects have been found on tasks 
measuring attention distraction and large effects on tests of response inhibition, set shifting, and 
planning (see Hervey et al., 2004, for a review). Robust evidence was revealed for the impairment 
of response inhibition (Antshel et al., 2010; Bekker et al., 2005; Boonstra, Kooij, Oosterlaan, 
Sergeant & Buitelaar, 2010; Boonstra et al., 2005; Hervey et al., 2004; Murphy, Barkley & Bush, 
2001; Nigg, Stavro, et al., 2005; Rapport, Van Voorhis, Tzelepis & Friedman, 2001; Woods, 
Lovejoy, Stutts, et al., 2002) and set shifting (Boonstra et al., 2010; Boonstra et al., 2005; Halleland, 
Haavik & Lundervold, 2012; McLean et al., 2004; Pazvantoğlu et al., 2012; Rohlf et al., 2012). Oth-
er aspects of executive functions, including planning, organisation, and problem solving have also 
been found to be deficient (McLean et al., 2004; Nigg, Stavro, et al., 2005; Schoechlin & Engel, 
2005; Woods, Lovejoy & Ball, 2002; Young, Morris, Toone & Tyson, 2007). This could not be con-
firmed by all studies, which reported only small effect sizes, particularly in planning and problem-
solving (Aycicegi-Dinn, Dervent-Ozbek, Yazgan, Bicer & Dinn, 2011; Holdnack et al., 1995; 
Pazvantoğlu et al., 2012; Riccio, Wolfe, Romine, Davis & Sullivan, 2004; Schoechlin & Engel, 
2005). Furthermore, there has been no indication on the contribution of comorbid conditions in 
adults with ADHD on executive function test performance (Antshel et al., 2010; Boonstra et al., 
2010). However, the influence of comorbid conditions could still not be ruled out completely 
(Rohlf et al., 2012). In terms of the effects of stimulants on executive functions research remains 
inconclusive. A recent review found that performance on tasks involving more complex functions, 
such as adaption, planning, and flexibility did not improve with stimulant intake and may even 
impair performance. This was explained by increased rates of arousal, which in turn facilitate im-
pulsivity and depressed performance (see Advokat, 2010, for a review). Other studies support posi-
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tive effects of stimulants on performance. As such, it was shown that processing of tasks-irrelevant 
stimuli reduces the latent inhibition effect in visual search tasks (Lubow, Kaplan & Manor, 2014).  
Information processing speed in adults with ADHD 
Speed of information processing is considered an important component of the deficits 
found in adults with ADHD. Studies reported slower information processing compared to healthy 
adults based on perceptual motor speed tasks (Holdnack et al., 1995; Lovejoy et al., 1999; Rapport 
et al., 2001; Seidman, 2006; Walker et al., 2000; Woods, Lovejoy & Ball, 2002). Collectively, effect 
sizes of processing speed were reported in small ranges (Holdnack et al., 1995) and were much 
lower compared to other cognitive functions. Larger effects were commonly found on tasks with 
aspects of executive and set-shifting components (e.g. 'Trail Making Test-B'; see Hervey et al., 
2004, for a review). Other authors support this given the lack of evidence for differences on simple 
processing speed tasks, but on those with more cognitive demands (e.g. 'Trail Making Test-B', 
'Digit-Symbol', 'Stroop'; Pazvantoğlu et al., 2012; Walker et al., 2000). Some failed to confirm this 
(Holdnack et al., 1995). Limited research has been done on the effect of comorbidity on speed of 
information processing. Yet, it has been argued that comorbidity and ADHD in adults should re-
ceive specific focus given that deficits in task of information processing are likely to be attributa-
ble to comorbid conditions in adults with ADHD (Marchetta, Hurks, Krabbendam, et al., 2008). 
Moreover, stimulant medications seem not to interfere or to improve processing speed tasks (see 
Advokat, 2010, for a review).  
Working memory in adults with ADHD 
In meta-analytic work, working memory has been suggested to be a core feature in adults 
with ADHD, with up to 84% of the adults displaying clinically significant performance in working 
memory tasks (see Alderson, Kasper, Hudec & Patros, 2013, for a review). The deficits are ex-
plained by different theoretical models, such as Baddeley and Hitch‟s model of working memory 
(Baddeley, 1986). It proposes a central executive as an attention controller and coordinator for two 
slave systems, the phonological loop (temporary storage/rehearsal of verbal information) and the 
visuo-spatial sketchpad (temporary storage/rehearsal of visual/spatial information). Robust empiri-
cal evidence for verbal working memory deficits in adults with ADHD relative to healthy individ-
uals suggests insufficient allocation of attention to the phonological loop and hence deficient en-
coding processes. Consistent small to medium effects on verbally based memory tasks but not on 
those involving visual-spatial stimuli have been reported in a meta-analytic studies (see Hervey et 
al., 2004; Schoechlin & Engel, 2005; Skodzik, Holling & Pedersen, 2013, for reviews). A large 
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number of studies confirmed this and demonstrated small to medium effects on „Digit Span‟ tasks 
and „Arithmetic‟ of the WAIS (e.g. Boonstra et al., 2005; Bridgett & Walker, 2006; Quinlan & 
Brown, 2003; Rohlf et al., 2012; Walker et al., 2000; Willcutt, Doyle, et al., 2005) or revealed im-
paired performance on other verbal working memory tests (e.g. Marchetta, Hurks, Krabbendam, 
et al., 2008; Schoechlin & Engel, 2005). In contrast, no effects on visual working memory tasks 
were found (see Skodzik et al., 2013, for a review) and only a limited number of studies indicated 
difficulties in spatial memory performance (e.g. McLean et al., 2004). A recent meta-analytic re-
view reported similar effect sizes for verbal and spatial working memory domains. Large effect 
sizes were found for verbal tasks, particularly those placing greater demands on the central execu-
tive (e.g. 'Letter-Number Sequencing'; see Alderson et al., 2013, for a review). With regard to the 
influence of comorbid conditions, it has been revealed that verbal working memory deficits are 
independent of comorbidity (Marchetta, Hurks, Krabbendam, et al., 2008). Moreover, it has been 
suggested that stimulant medication does not enhance or even impair short-term memory acquisi-
tion, yet retention of information may be improved (see Advokat, 2010, for a review). 
Visuo-spatial functions and language in adults with ADHD 
Studies largely revealed intact visuo-spatial skills in adults with ADHD (Rapport et al., 
2001; Seidman, 2006; Seidman, Biederman, Weber, Hatch & Faraone, 1998). There is little re-
search that does not confirm these findings (e.g. Schreiber, Javorsky, Robinson & Stern, 1999). 
Moreover, ADHD in adults has been associated with difficulties in verbal fluency, which involves 
a rapid production of words. Some studies have reported a marked reduction of total word output 
on verbal fluency tasks (e.g. Dinn, Robbins & Harris, 2001; Lovejoy et al., 1999; Schoechlin & 
Engel, 2005; Tucha et al., 2005; Woods, Lovejoy, Stutts, et al., 2002) but other have not (e.g. 
Boonstra et al., 2010; Marchetta, Hurks, Krabbendam, et al., 2008) and suggested relatively intact 
verbal intellectual abilities (Holdnack et al., 1995). However, many verbal fluency tasks also tap 
onto executive functions (e.g. inhibition). Therefore, studies using „pure‟ linguistic measures in-
volving more semantic and lexical knowledge (e.g. Vocabulary subtest) found divergent results 
and reported relatively intact verbal abilities and rigorous crystallised intelligence (Pazvantoğlu et 
al., 2012; Rapport et al., 2001).  
Intelligence in adults with ADHD 
Results on general intelligence in adults with ADHD are inconsistent and it appears that 
their relationship is inconclusive at this moment (Goodwin, Gudjonsson, Sigurdsson & Young, 
2011). Compared to healthy adults, studies reported significantly attenuated Full Scale Intelligence 
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Quotient (FSIQ) scores (e.g. Biederman et al., 1993; Boonstra et al., 2010; Hervey et al., 2004; 
Holdnack et al., 1995) of on average 2.94 points (see Bridgett & Walker, 2006, for a review) or a 
decrement of a 9 point magnitude (see Frazier et al., 2004, for a review). In this context, medium 
effect sizes occurred for general intelligence (see Kofler et al., 2013, for a review). A below average 
FSIQ, however, was not equally found in all studies, suggesting that the ADHD adult population is 
not always likely to be associated with an intelligence decrement (Nigg, Butler, Huang-Pollock & 
Henderson, 2002; Rapport, Friedman, Tzelepis & Van Voorhis, 2002; Seidman et al., 1998; Woods, 
Lovejoy, Stutts, et al., 2002). Moreover, it has been claimed that comprised FSIQ scores can be 
explained by the sensitivity of subtests to attentional abilities, working memory, and processing 
speed functions, which have often been found deficient in adults with ADHD (Harrison, DeLisle 
& Parker, 2008). This led to a debate whether or not the diagnosis of ADHD is valid in adults with 
a high FSIQ and whether a depressed FSIQ is at all applicable as an index. With regards to the 
former, it was found that an above average FSIQ leads to similar functional impairment, neuropsy-
chological deficits, and comorbidities reported in those with an average FSIQ or in high FSIQ con-
trols (Antshel et al., 2008; Antshel et al., 2010). This suggests that a high FSIQ does not automati-
cally infer a good functional outcome, supporting the validity of an ADHD diagnosis in adults 
with above average intelligence. The question remained if the FSIQ can be used as a representative 
index due to prominent deficits in attention, working memory, and processing speed. To this end, 
the relationship between the FSIQ and the General Ability Index (GAI)4 in adults with ADHD has 
been examined. Given that the adults usually demonstrate a lower FSIQ than GAI it has been sug-
gested that impairment in these abilities depress general intelligence (Harrison et al., 2008). Fur-
thermore, in terms of comorbidity, some kind of interaction between the FSIQ and comorbid con-
ditions has been proposed. Adults with ADHD, but without comorbidity appear similar to healthy 
controls on general intelligence measures compared to those adults with comorbidity (see Bridgett 
& Walker, 2006, for a review). 
An overview of the research findings in adults with ADHD 
In spite of much variability with regard to the application of assessment tools, the present 
overview suggests that the neuropsychological performance of adults with ADHD is highly varia-
ble and characterised by a wide variety of deficits. It can be concluded that there is little indica-
tion which impairments are truly specific (for a concise overview see Table 3) because all domains 
                                                     
4 The General Ability Index (GAI) refers to an alternate global composite score of general intellectual functioning com-
posed solely of verbal and perceptual reasoning constructs, thereby eliminating processing speed and working memory 
abilities (Wechsler, Coalson & Raiford, 2008). For more information on its calculation please refer to section 4.2.1. 
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of cognitive functions revealed at least some degree of impairment. These deficits may be ex-
pressed in information processing and attention abilities, which in turn partially account for poor 
performance on tasks measuring other cognitive domains. Moreover, deficits in neuropsychologi-
cal tasks may be exacerbated by comorbid conditions. Yet, an additive negative effect of comor-
bidity is unclear. In addition, there is inconsistent evidence that stimulants act as a cognitive en-
hancer of test performance.  
Table 3. Summary of the current state of research in adult ADHD 
Attention  Research provides consistent evidence of medium to large effect sizes in tests 
that are designed to measure attention. Impairment in adults with ADHD com-
pared to controls is evident in tasks with high attentional demands, particularly 
in tests of sustained attention and controlled attentional processes.  
 Executive functions A large number of studies found differences between adults with ADHD and 
controls in executive function tasks that assess response inhibition and set shift-
ing. However, there is inconsistent evidence regarding other tasks of executive 
functions. Effect sizes are reported between small and large ranges.  
 Information processing 
speed 
Effect sizes for tasks measuring processing speed are relatively small. Specifical-
ly confined to adult ADHD appear higher demands in processing speed load. 
Simple reaction time tasks with minimal processing demands appear to be unaf-
fected. 
 Working memory There is robust evidence for deficits in verbal working memory in adults with 
ADHD relative to controls. The largest effects are suggested to occur in tasks 
with demands on the central executive. 
 Intelligence There is large variability in results pertaining to general intelligence, with stud-
ies reporting any differences in the FSIQa relative to controls and studies indi-
cating large and significant discrepancies. Limited evidence regarding FSIQb-
GAIb relationship exists but research so far indicates lower FSIQb scores com-
pared to higher GAIb scores. 
 Visuo-spatial functions 
and language  
If tasks do not tap on executive and attentional controlled processes, crystallised 
and visuo-spatial knowledge seems to be relatively intact in adults with ADHD. 
 aFull Scale Intelligence Quotient; bGeneral Ability Index. 
2.1.3 The assessment process in adults with ADHD 
The assessment of ADHD in children is much more established than in adults. During 
childhood, the diagnostic approach is commonly based on diagnostic criteria and clinical guide-
lines (e.g. American Academy of Child and Adolescent Psychiatry, 2007; Taylor et al., 2004). The 
point of convergence for children with ADHD is the exploration of informants‟ accounts and ob-
servational data (Görtz-Dorten & Döpfner, 2014). Additionally, there is a long tradition for the use 
of neuropsychological tests, which however have often been questioned in terms of positive and 
negative predictive power (see Seidman, 2006, for a review). Conversely, the assessment of adults 
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remains contentious and scarcely any guidelines exists (see Seixas, Weiss & Müller, 2012, for a 
review). This inconsistency leads to many challenges in clinical practice (Adler et al., 2009; Waite, 
Vlam, Irrera-Newcomb & Babcock, 2013) with the result that mental-health professionals do not 
feel confident enough to give a diagnosis of ADHD in adulthood (Adler et al., 2009). The purpose 
of the following section is to provide an overview of the assessment process for adult ADHD, in-
cluding screening measures, standardised interviews, and neuropsychological instruments.  
Screening measures and diagnostic interviews 
Diagnosing ADHD in adults requires not only evidence of ADHD related behavioural 
problems but a retrospective childhood diagnosis. Therefore, the exploration of both current and 
past symptom burdens is necessary. Central to achieving this is the use of self-report screenings. 
Occasionally applied but not required are informant-reports to infer a diagnosis (Görtz-Dorten & 
Döpfner, 2014). Several screening tools to evaluate ADHD symptoms exist and many of them are 
also found to correlate with ADHD in adulthood (e.g. Conners, Erhardt & Sparrow, 1999; Rösler, 
Retz-Junginger, Retz & Stieglitz, 2008; Schmidt & Petermann, 2009a). The choice, which one to 
operationalize is, however, not universally agreed upon. Some examples of screenings frequently 
used in clinical practice are depicted in Table 4.   
  The main motivation to apply self-reports is to gain cost-effective collateral information to 
indicate whether adults meet the diagnostic criteria for ADHD. Subsequent to a positive screen, 
further assessment for symptoms, behaviour, and comorbidity is necessary. This is most often done 
by means of standardised behavioural ratings and structural diagnostic interviews. They assume to 
provide data on the perceived degree of psychological distress, the prevalence and intensity of 
behavioural deficits, and functional impairment as well as information on differential diagnoses 
(Surman, 2013). A systematic review of clinical guidelines on ADHD concludes that clinical inter-
views remain the gold standard of an assessment (see Seixas et al., 2012, for a review).   
  Although self-reports in form of screenings, standardised questionnaires or interviews 
constitute the fundamental basis to achieve diagnostic conclusions, their validity and accuracy has 
frequently been questioned. It has been indicated that both screenings and interviews can lead to 
false diagnostic results (see Meyer et al., 2001, for a review) and provide insufficient information 
to rule out a disorder (see Culpepper & Mattingly, 2010, for a review). Furthermore, it has been 
concluded that they are poor indicators of ADHD with a large number of false positives (McCann 
& Roy-Byrne, 2004). This becomes apparent in research using symptom rating scales only. They 
indicate that up to 39% of the questionnaires used in clinical practice, miss the diagnosis rate of 
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ADHD (Kooij et al., 2008). Considering this, it remains controversial if self-evaluations can serve 
as an inventory to determine a diagnosis of ADHD in adulthood alone.  
  One main reason for this is that they leave professionals dependent on the information of 
third parties and subject to many sources of errors. For example, adults with ADHD are typically 
considered to have poor self-reflection (Kooij et al., 2008). They often vary in the way they per-
ceive their symptoms and differ in what they consider as clinically significant. In this context, the 
literature points out that adults with ADHD often underreport their symptoms and have a poor 
recall of retrospective symptoms. Sometimes, they appear too eager to achieve a diagnosis in order 
to explain daily life problems, which are unrelated to the condition (Jiang & Johnston, 2012; Kooij 
et al., 2008; McCann & Roy-Byrne, 2004; UK Adult ADHD Network, 2013; Zucker, Morris, 
Ingram, Morris & Bakeman, 2002). On the contrary, it has also been found that adults with ADHD 
were the best informants regarding their clinical symptoms (Kooij et al., 2008). Considering this, it 
may be hypothesised that diagnosing ADHD in adulthood solely on the ground of self-evaluation 
may result in under- or overestimation (Johnson & Conners, 2002; Weiss, M. & Murray, 2003). 
However, until now no concrete evidence for this has emerged (Kooij et al., 2010). One strategy to 
minimize sources of errors in the diagnostic process is to use the corroboration of other sources of 
information, for example objective psychometric techniques.  
Standardised neuropsychological measures  
Although the role of neuropsychological assessments in diagnosing ADHD in children is 
debated, neuropsychological data may be of particular relevance to the diagnostic process of 
ADHD in adults. Table 4 depicts selective examples of methods commonly used in research and 
clinical practice. In general, research holds up to the account that children with ADHD are more 
characterised by behavioural symptoms whilst adults with ADHD are considered to experience 
more decrements in cognitive functions (see Woods, Lovejoy & Ball, 2002, for a review). Despite 
the essence of cognitive inefficiency, there is yet no agreement of the utility of neuropsychological 
tests within the diagnostic process for ADHD in adulthood. Reasons for this may be related to the 
current understanding that neuropsychological tests are not conclusive for a diagnosis. Additional-
ly, so far there are no guidelines to recommend neuropsychological information as collateral to 
draw diagnostic inferences (see Seixas et al., 2012, for a review). Consequently, the scientific liter-
ature advises that a diagnosis of ADHD in adults should not be made on the basis of this infor-
mation alone and only if the diagnostic criteria are fulfilled (see Seidman, 2006, for a review).  
  Notwithstanding the limited utility in reaching diagnostic conclusions, authors in the field 
2 Disorders related to attention deficits 
29 
 
of adult ADHD tend to advocate the idea of screening for neuropsychological functions to com-
plement the diagnostic process (Ramsay, 2010). Accordingly, the mere documentation of symp-
toms and the developmental history that determines whether the adult meets the criteria for 
ADHD is only one part of the clinical evaluation. In addition to screenings and diagnostic inter-
views, it is suggested to apply psychometrically sound tools. They are suggested to address facets 
that are not of behavioural means and not specifically emphasised in the ICD-10 or the DSM-V 
(Surman, 2013). In this context, it is proposed that neuropsychological assessments will be most 
sensitive using a collective approach, that is, the incorporation of multiple procedures (see Woods, 
Lovejoy & Ball, 2002, for a review). In line with the view that ADHD in adults is very heterogene-
ous, a battery of tests may therefore be particularly helpful in the identification of cognitive 
strengths and weaknesses, and the integral components of ADHD related symptoms. Such infor-
mation may lead to more realistic achievements that can be expected from an intervention (see 
Seidman, 2006; Woods, Lovejoy & Ball, 2002, for reviews). Despite these benefits, the discriminant 
validity of neuropsychological assessments still remains debated in the diagnostic process of 
ADHD. Research on children with ADHD indicates that the tests are limited in their discriminant 
validity but that, in fact, multiple tests increased the prediction status of ADHD (Doyle, 
Biederman, Seidman, Weber & Faraone, 2000). In adults, the sensitivity of neuropsychological 
tests has been low although the group differences to controls were significant. Therefore, they 
have not been considered useful to reliably discriminate between adults with ADHD and other 
psychiatric disorders (Holst & Thorell, 2013). Other studies also report poor accuracy rates and 
many false positive errors (Walker et al., 2000; Woods, Lovejoy & Ball, 2002). 
Table 4. The assessment process for diagnosing ADHD in adults 
Method Objective  Procedure 
Anamnesis Exploration of developmental history Establishment of a preliminary case 
history  
  Screenings Application of self-report and/or informant 
screenings to assess the presence of ADHD 
related symptoms  
e.g. ASRI-4a, ASRSb, CAARSc, HASEd,  
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Table 4. (continued) 
Behaviour ratings and 
clinical interviews 
Positive screens should be followed by full 
diagnostic assessment including standardised 
behavioural ratings and clinical interviews to 
evaluate current life-situation, clinical history, 
functional impairment, and comorbidity  
e.g. ADHS-Ee, BADDSf, CAADIDg, DIS-
Lh 
  Psychometric  
assessment 
Objective evaluation of neuropsychological 
functions with psychometric procedures  
e.g. CPTi, Stroop-Taskj, TAPk, 
TMTl,WAISm 
aAdult Self-Report Inventory-4 (Gadow, Sprafkin & Weiss, 1999), bAdult ADHD Self-Report Scale Symptom Check-
list (Kessler, Adler, Ames, Demler, et al., 2005), cConners‟ Adult ADHD Rating Scales (Conners et al., 1999), dHom-
burger ADHD-Scales for Adults (Rösler, Retz-Junginger, et al., 2008), eADHD Screening for Adults (Schmidt & 
Petermann, 2009a), fBrown Attention-Deficit Disorder Scales (Brown, 1996), gConners Adult ADHD Diagnostic 
Interview for DSM-IV (Epstein, Johnson & Conners, 2001), hStructural Diagnostic Interview Sschedule (Robins, 
Helzer, Croughan & Ratcliff, 1981), iContinuous Performance Test (Rosvold, Mirsky, Sarason, Bronsome & Beck, 
1956), jStroop-Task (Golden, 1978), kTest of Attentional Performance (Zimmermann & Fimm, 2009), lTrail Making 
Test (Reitan, 1992), mWechsler Adult Intelligence Scale (Wechsler, 2008). 
2.2 Neurological disorder with central deficits of attention (stroke) 
As defined by the World Health Organization (1978), a stroke is an acute “neurological 
deficit of cerebrovascular cause that persists beyond 24 hours or is interrupted by death within 24 
hours”. It leads to neuronal death and neuropsychological dysfunctions due to an abnormal cere-
bral blood circulation, originating either from ischemic or haemorrhagic cause. Worldwide, stroke 
is considered as the leading cause of long-term disabilities and death (see Feigin, Lawes, Bennett, 
Barker-Collo & Parag, 2009, for a review). Based on epidemiological research, it is the most com-
mon occurring neurological condition and the main cause of death in Germany, with approxi-
mately 196,000 first-ever strokes and 66,000 recurrent strokes diagnosed annually. Most common-
ly, strokes occur in the elderly, with approximately 50% of first-ever strokes in individuals above 
the age of 73 years, in Europe (Heuschmann et al., 2010). In the United States, the mortality rate is 
doubled in every 10 years between the ages of 55 and 85 years (American Heart Assocation, 2010). 
In terms of gender differences, the incidence rates of stroke in men are higher than in women 
whereas, in total numbers, more women suffer from stroke because of their increased life expec-
tancy. Currently, 2% to 5% of the total health costs are caused by patients with a stroke in western 
countries. The total economic costs of first-ever ischemic strokes health care has been estimated to 
be 108 billion Euros for the next 20 years in Germany (Heuschmann et al., 2010). Despite of in-
creasing incidence rates, long-term disabilities, and enormous costs stroke remains the least re-
searched and funded disorder (American Heart Assocation, 2010). In order to better comprehend 
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the clinical picture of a stroke, the next section provides information to its pathogenesis and clini-
cal symptoms. Moreover, an overview of the current state of research on neuropsychological out-
comes is portrayed and the assessment process of stroke patients is addressed. 
2.2.1 Definition of stroke 
Stroke is a heterogeneous neurological disorder and occurs due to an acute focal disruption 
of blood flow and transportation of oxygen in the brain. The most common types of stroke are, 
ischemic (80%) and haemorrhagic (15%) strokes (Schubert & Lalouschek, 2006). Since ischemic 
stroke is the focus of the present research, haemorrhagic and other insults are neglected. A concise 
view on the pathogenesis of ischemic stroke follows, with an excursion to brain laterality to intro-
duce the association between stroke localization and behavioural impairment. An overview of the 
clinical characteristics of stroke, including risk factors, neurological and behavioural symptoms is 
provided. 
Pathogenesis  
An ischemic stroke occurs from an interruption or absent blood flow in the cerebral arte-
rioles and capillaries due to the formation of blood clots, as a result of plaque, a build-up of fatty 
deposits or other material (= thrombus, embolus). At the infarct core cellular death occurs due to a 
deprivation of oxygen and leads to permanent neurological injury. Hours to days following the 
infarct, secondary ischemic cascades of biochemical reactions may cause brain swelling and addi-
tional neuronal death. Next to many other causes, the most common pathological condition facili-
tating thrombotic artery occlusion is atherosclerosis5 and embolization is mostly provoked by atri-
al fibrillation6. Depending on the location in the brain, a thrombus can block large blood-
supplying arteries (e.g. middle cerebral artery; MCA) or small penetrating cerebral arteries or arte-
rioles. Ischemic stroke resulting from embolization most frequently reaches superficial branches of 
cerebellar/cerebral arteries (Hacke, 2010). The MCA is considered the most commonly affected 
artery by ischemic stroke (50.8%) because of its large vascular distribution (Ng, Y. S., Stein, Ning 
& Black-Schaffer, 2007). Therefore, it is additionally associated with greater risk of causing cogni-
tive dysfunctions (Jaillard, Grand, Le Bas & Hommel, 2010). Neuroanatomically, the MCA is di-
vided into four segments (M1 to M4) and supplies large portions of the right and left hemisphere 
                                                     
5 Atherosclerosis refers to the narrowing and hardening of arteries due to an accumulation of plaque (e.g. fat, cholester-
ol) builds up in its walls which in turn limit blood flow (Hacke, 2010). 
6 Atrial fibrillation denotes an irregular heart contraction which increases the risk of stroke due to the formation of 
blood clots through turbulent blood flow in the heart chambers (Hacke, 2010).  
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cortex and subcortical regions. Roughly embracing the specific neuroanatomic sites, the MCA 
supplies the inferior and lateral frontal lobes, anterior lateral area of the parietal lobes, superior 
parts of temporal lobes, and the insula. In addition, deeper brain areas, such as the posterior limb 
of the internal capsules, the basal ganglia, the putamen, and the caudate, external globus pallidus 
are supplied as well. These areas have important roles for functional and cognitive abilities. For 
example, for motor functions (e.g. primary motor cortex), sensation (e.g. primary somatosensory 
cortex; parietal lobe), eye movement (e.g. frontal eye fields), language production (e.g. Broca‟s 
area; left frontal lobe), language comprehension (e.g. Wernicke‟s area; left temporal lobe), percep-
tion (e.g. lateral frontal, parietal lobes; right hemisphere), visuo-spatial perception (e.g. posterior 
parietal lobe; right hemisphere), and the visual field (e.g. optic radiations, striate cortex; parie-
tal/temporal lobes) are just some of many to mention (Bradac, 2011; Hacke, 2010).  
Brain laterality 
The understanding of the brain‟s functional localization supports clinicians work in diag-
nosis and therapy. Many studies that involve patients with a stroke address the associations be-
tween localization and behavioural impairment. It has been suggested that a stroke can cause be-
havioural impairment with predictable regularity depending on its exact location (Lezak et al., 
2004). The most consistent findings have been reported for the asymmetry of language and visuo-
spatial functions (Hugdahl, 2000). This means, that a stroke occurring in the right hemisphere 
(RHS) usually causes impairment involved with right hemisphere functions (e.g. visuo-spatial def-
icits) and a stroke occurring in the left hemisphere (LHS) leads to deficits related to left hemi-
sphere functions (e.g. language; Pulsipher, Stricker, Sadek & Haaland, 2013; Wilde, 2010). The 
roots of this research date back to the evolution of theories on the localization of brain functions 
by Gall and Spurzheim (1810-1819) and Brodmann (1909) in the 19th century. They have identi-
fied areas in the brain to designate distinctive and specific cerebral and cortical functions. Preced-
ed by the former, Paul Broca (1863, 1865) has localised brain lesions responsible for aphasia and 
suggested a language specialization of the left hemisphere. In addition, the account of modularity 
by Fodor (1983), which indicates that mental abilities arise from multiple distinct processes, influ-
enced much of the later research on brain-behaviour relationships. Grounded on these theories 
and on decades of research, it is generally assumed that the modularity of the different brain sys-
tems is relatively stable7 and that impairment results by means of regional differences in the brain. 
                                                     
7 It is proposed that the assumption of stable modularity of cognitive systems does not hold for children who are still 
developing. For more information please refer to Mrakotsky (2007).  
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Although some discontinuities between behavioural and neurological data may exist, the domi-
nant tendencies for a functional organization of the adult brain cannot yet be negated (Lezak et 
al., 2004). At present, the general assumption that the adult brain is functionally organised is fur-
thermore extended by the notion that the different areas of the cerebral cortex and of subcortical 
regions are spatially distributed, but not operating independently. Rather, they are functionally 
linked and connected in a complex integrative network where information is constantly processed 
and shared (see Sporns, Chialvo, Kaiser & Hilgetag, 2004; van den Heuvel & Hulshoff Pol, 2010, 
for reviews).  
Risk factors  
Several factors contribute to an individual‟s risk to suffer an ischemic stroke. These can be 
clustered into nonmodifiable or modifiable risk factors, which means they are either predeter-
mined or can be changed. To illustrate, gender, age, low birth weight, and genetic predispositions 
account to nonmodifiable factors. In terms of gender and age, it has been found that males have a 
higher risk to suffer of an ischemic stroke than women. Increasing age (≥ 55 years) has been re-
ported to substantially heighten the risk for a stroke by doubling its rate each 10 years (see 
Goldstein, L. B. et al., 2006, for a review). With respect to modifiable factors, studies have suggest-
ed that a high blood pressure increases the risk for an ischemic stroke. Moreover, smoking has 
been indicated to double the risk of a stroke by facilitating the development of atherosclerosis and 
the formation of thrombi. Additionally, diabetes has been identified as an independent effect for 
an ischemic stroke through an increased risk of atherosclerosis and artherogenic factors (e.g. hy-
pertension, abnormal blood lipids, and obesity). It has furthermore been found that patients with 
persistent or paroxysmal atrial fibrillation have a three to four fold increased risk of an ischemic 
stroke. Since the prevalence of atrial fibrillation increases with age, about one quarter of the stoke 
patients older than 80 years can be referred to this risk factor. These strokes are particularly large 
and associated with a great impact on functional outcomes. In addition, non-cerebrovascular ath-
erosclerotic vascular disease (e.g. cardiovascular disease) heightens the risk for an ischemic insult. 
At last, dietary factors, obesity, and physical activity have been linked to an ischemic stroke. Diets 
rich in vegetables, fruit, and low-fat reduce the risk while high levels of sodium, body fat, and 
overweight (Body Mass Index ≥25) increase the risk of a stroke. Regular physical activity has been 
indicated as a protective factor by controlling other aspects, such as weight, diabetes, and cardio-
vascular disease (see Goldstein, L. B. et al., 2006, for a review).  
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Motor and sensory impairment 
Depending on the brain areas and the side affected by a stroke, diverse deficits and disabil-
ities in different severities may occur. Motor impairment following stroke relates to weaknesses 
and paralyses of diverse body parts. Frequently, patients experience deficits such as sudden contra-
lateral signs of paralysis in their limbs or parts of their body (= hemiparesis, hemiplegia, and fachi-
obrachial paresis). These deficits have mostly been related to damage in the motor cortex. In addi-
tion, sensory abnormalities may be caused, such as hemisensory loss (= hypesthesia) or involuntary 
movements. Subcortical lesions involving thalamocortical radiations, which are the fibres con-
necting the cerebral cortex and the thalamus, can also lead to sensory impairment (Kumral, 
Topcuoglu & Onal, 2009).  
Visual field and language deficits 
An ischemic stroke in the MCA territory may obstruct the transmission of information to 
the occipital cortex and its subsequent interpretation. This may lead to a loss of the visual field (= 
hemianopsia). Depending on the exact location of the occlusion, different parts of the visual field 
in each eye may be missed, including the same, the right or left half of each visual field (= homon-
ymous, right or left homonymous), the outer half of each visual field (= bitemporal), or the upper 
or lower half of each visual field (= superior, inferior). In addition to hemianoptic deficits post-
stroke, are the impairments of language functions (= aphasia). Since approximately 95% of the 
population have their dominance for language functions in this hemisphere, principally regardless 
of their handedness, aphasia is the most frequent result after LHS (Hernandez-Cardenache & 
Johnson-Greene, 2013; Kumral et al., 2009). Given that there is considerable variability in the 
symptoms of language impairments, different forms of aphasia can be distinguished. Aphasia is 
categorised into non-fluent (e.g. global, transcortical motor, mixed transcortical, and Broca‟s) and 
fluent forms (Wernicke‟s, transcortical sensory, anomic, and conduction), of which the former are 
characterised by a lack of expressive ease or verbal facility and the latter are marked by deficien-
cies in auditory comprehension and repetition (Hernandez-Cardenache & Johnson-Greene, 2013).  
Hemispatial neglect and anosognosia 
Patients with hemispatial neglect lost the ability or have an impaired capability to direct 
their attention to events towards the contra-lateral side of the stroke (Buxbaum et al., 2004). Next 
to a range of aetiologies, hemispatial neglect originates from a stroke to either brain hemisphere. 
Most commonly and most severe, it occurs following RHS within the MCA territory. A reason for 
this is that the right brain regions are assumed to be primarily involved in abilities of attention, 
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memory, and perception (Kerkhoff, 2001; Ringman, Saver, Woolson, Clarke & Adams, 2004). It 
has been suggested that they are responsible to mediate and monitor the distribution of attention 
and to shift attention to both sides of the visual field. In contrast, the left hemisphere is restricted 
to its contra-lateral visual field and cannot compensate for these functions once the right hemi-
sphere has been damaged. Therefore, RHS more commonly leads to severe contra-lateral spatial 
neglect (Mesulam, 2000). In addition, it has been noted that neglect following stroke is associated 
with a substantial capacity for recovery (Ringman et al., 2004). Despite good recovery rates, ne-
glect accounts for the strongest predictors of general functioning post-stroke. It has been indicated 
to obstruct abilities which are essential for active engagement in rehabilitation (Nijboer, Kollen & 
Kwakkel, 2013). These abilities include cognitive functions, which have been found twice as high 
impaired in patients with neglect than in patients without (Lindén, Samuelsson, Skoog & 
Blomstrand, 2005). Sometimes also categorised into the spectrum of neglect is anosognosia, a self-
awareness disorder, which is most frequently caused by RHS. It refers to a state in which patients 
lack awareness or deny the existence or the severity of motor, sensory, perceptual, behavioural or 
cognitive disabilities (Orfei, Caltagirone & Spalletta, 2009).  
Emotional disturbances 
Following a stroke, emotional disturbances and other neuropsychiatric symptoms may oc-
cur. Often, right MCA stroke is associated with emotional change, bluntness, and deficits in emo-
tional awareness (Paradiso, Anderson, Boles Ponto, Tranel & Robinson, 2011). The reason for this 
is not clear, but it may have something to do with the right hemisphere being associated with the 
experience of emotions (Schwartz, G. E., Davidson & Maer, 1975). Particularly, apathy has been 
linked to a right MCA stroke and consequent damage to brain tissue in the insula, the basal ganglia 
as well as subsequent modification of brain activity in limbic and paralimbic areas (Paradiso et al., 
2011). In general, emotional alterations after a MCA stroke are often clustered into symptoms for a 
major depressive disorder (Paradiso et al., 2011). According to the ICD-10, no universal diagnostic 
criteria for a post-stroke depression (PSD) exist. Internationally, diagnostic inferences are largely 
drawn from the DSM-IV (e.g. mood disorder due to a general medical condition). With the ICD-
10, a PSD may be determined if the criteria for a major depressive disorder (F 32.0-2) or Dysthy-
mia (F 43.1) have been met (Dohmen et al., 2006). Generally, it is assumed that a PSD develops 
within the first four to eight weeks after stroke onset (Aström, Adolfsson & Asplund, 1993; 
Ayerbe, Ayis, Wolfe & Rudd, 2013; Berg, Palomäki, Lehtihalmes, Lönnqvist & Kaste, 2003). Its 
identification is important since it has been associated with a lower quality of life, increased disa-
2 Disorders related to attention deficits 
36 
 
bility, enhanced cognitive impairment, and mortality (see Robinson & Spalletta, 2010, for a 
review).  
  The aetiology of a PSD is suggested to be multifactorial8. Often, the association between 
the stroke location and a PSD has been discussed to delineate a pathophysiological explanation. 
On the one side, it is assumed that the risk to develop a depression is linked to RHS (Paradiso et 
al., 2011; Schwartz, J. A. et al., 1993) or to the LHS regions (see Bhogal, Teasell, Foley & 
Speechley, 2004; Robinson & Spalletta, 2010, for reviews). On the other side, often no differences 
between RHS and LHS have been found (see Ayerbe et al., 2013; Carson et al., 2000, for reviews). 
An attempt to explain such divergent findings resulted in the argument that laterality effects are 
only evident during the acute stage and not months or years post-stroke. Thus, it is assumed that a 
LHS leads to a major depressive disorder in acute stages and a RHS to a delayed occurrence of a 
minor depression. A reason postulated is that RHS is assumed to determine a decrease of nora-
drenalin and serotonin, and in turn the upregulation of serotonin receptors. Such upregulation 
probably does not occur after LHS since there is a lesser decrease of noradrenalin and serotonin 
(Chemerinski & Robinson, 2000). Similar approaches postulate that a stroke obscures serotonin 
mechanisms and, hence, determines a PSD (Kohen et al., 2008).  
2.2.2 Current state of research: Neuropsychological functions post-stroke 
There is considerable literature on neuropsychological functions following stroke with 
consistent reports of high levels of cognitive sequelae. These deficits have been found eminently 
heterogeneous and constantly changing during recovery. The frequency of cognitive impairment 
at the acute stage was reported as high as 78% (Leśniak et al., 2008; Nys et al., 2007). At least three 
to 15 months post-stroke, cognitive dysfunctions or a worsening of deficits were found in up to 
73% of the patients (Ballard, Rowan, Stephens, Kalaria & Kenny, 2003; Ballard et al., 2002; Leśniak 
et al., 2008; Planton et al., 2012; Zinn et al., 2004), with continuous lasting impairment for up to 
three years in one-third of the survivors (Patel, Coshall, Rudd & Wolfe, 2003). Recently, popula-
tion-based data collected five years post-stroke indicated that still 30% to 50% of the stroke survi-
vors performed below average on standardised cognitive assessment measures (Barker-Collo, 
Feigin, Parag, et al., 2010; Barker-Collo et al., 2012). Moreover, diffuse and generalised profiles of 
cognitive dysfunctions across many domains compared to healthy adults have been identified 
(Hostenbach, Mulder, van Limbeek, Donders & Schoonderwaldt, 1998). Specific cognitive patterns 
                                                     
8 Multifactorial indicates that a PSD may be determined through biological and environmental factors. Please refer to 
the review of Spalletta et al. (2006) for more information on other aetiological aspects than lesion location.  
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of disturbances have sometimes been reported in association to clinical aspects of the stroke (e.g. 
lesion size, laterality; Laures-Gore, Marshall & Verner, 2010; Lindén et al., 2005; Montour-Proulx 
et al., 2004; Wilde, 2010). Furthermore, cognitive impairment has been linked to stroke-related 
symptoms (e.g. depression, aphasia, motor deficits; Ayerbe et al., 2013; Planton et al., 2012; 
Pulsipher et al., 2013; Robinson & Spalletta, 2010; Yang, S. et al., 2013), with the question whether 
cognitive sequelae are deficits of their own or a consequence of these symptoms (Planton et al., 
2012). Together, studies have suggested that deficient cognitive functions across different domains 
post-stroke are associated with higher mortality and health care costs (Claesson, Linden, Skoog & 
Blomstrand, 2005; Tatemichi, Paik, et al., 1994). Moreover, they predict long-term disability, 
functional recovery, and rehabilitation success (Barker-Collo, Feigin, Parag, et al., 2010; Heruti et 
al., 2002; Nys, van Zandvoort, de Kort, van der Worp, et al., 2005; Zinn et al., 2004).   
  A review of scientific studies on neuropsychological deficits post-stroke is outlined in the 
following section. Table 5 summarizes the present research findings for each of the cognitive do-
mains. Due to the complexity of neuronal networks, the narrowly intertwined connectivity of the 
brain regions, and a lack of control on factors affecting neuropsychological functions, most of the 
published research relevant for the present thesis is based on heterogeneous information. This 
concerns data on distribution (e.g. anterior, frontal, temporal), neuroanatomical location (right, 
left hemisphere, subcortical, cortical involvement), and aetiological causes (e.g. middle, anterior, 
posterior cerebral artery stroke) of the strokes. Therefore, it is difficult to review homogenous 
findings regarding stroke type. In order to assure at least some degree of homogeneity, this review 
consists of a selection of relevant studies largely including patients with a first-ever, unilateral 
ischemic stroke at different stages of recovery. As such, the review differentiates between patients 
in acute care and those in rehabilitation. The present review is not exhaustive, but serves to illus-
trate the most important research findings to consider the full breadth of neuropsychological defi-
cits post-stroke.  
Attention in patients with a stroke 
Accounting for the most prominent impairment of a stroke are the deficits of attention 
(Hostenbach et al., 1998), which have been linked to motor recovery and functional status two 
years post-stroke (Robertson, Ridgeway, Greenfield & Parr, 1997). At the acute stage, the levels of 
attention deficits were estimated between 25% and 92% (Barker-Collo, Feigin, Lawes, Senior & 
Parag, 2010; Hyndman, Pickering & Ashburn, 2008; Stapleton, Ashburn & Stack, 2001). With only 
limited recovery during 12 months after discharge (Hyndman et al., 2008), attention deficits have 
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been indicated as the most frequently affected cognitive function one year post-stroke (54%; 
Leśniak et al., 2008). There are many studies that indicated a wide array of attentional dysfunc-
tions, including attentional switching, divided-, and selective attention (Hyndman et al., 2008; 
McDowd, Filion, Pohl, Richards & Stiers, 2003). Particularly, medium to large effects for continu-
ous attention (Planton et al., 2012) and high levels of sustained attention deficits were found 
(Barker-Collo, Feigin, Lawes, et al., 2010; Hyndman et al., 2008; Pendlebury, Cuthbertson, Welch, 
Mehta & Rothwell, 2010). The highest frequencies of deficits have been emphasised after RHS 
(Robertson et al., 1997). This fining can be confirmed by functional imaging studies associating 
attention with frontal lobe and right hemisphere functioning in healthy individuals (Lewin et al., 
1996; Müri et al., 2002; Pardo, Fox & Raichle, 1991). Some research has failed to provide evidence 
regarding lesion laterality of attention deficits involving stroke patients (Barker-Collo, Feigin, 
Lawes, et al., 2010; Hyndman & Ashburn, 2003). In terms of language deficits, LHS patients with 
aphasia have been found to perform worse on tasks measuring attention (e.g. vigilance, orienta-
tion) compared to a control group and LHS patients without aphasia. The size of the effects for 
these comparisons have been indicated as large (Pulsipher et al., 2013).  
Executive functions in patients with a stroke 
Depending on the definition of executive functions and the domains measured, deficits at 
the acute stage of stroke occurred in approximately in 19% to 75% of survivors (Leśniak et al., 
2008; Zinn, Bosworth, Hoenig & Swartzwelder, 2007). Until four months after stroke, these defi-
cits were estimated at 41% in the survivors and they regressed to nearly 3% after one year post-
stroke (Leśniak et al., 2008; Pohjasvaara et al., 2002). Population-based evidence indicated that 
30% to 50% of stroke patients perform significantly below average on tasks of executive functions 
five years after stroke (Barker-Collo, Feigin, Parag, et al., 2010; Barker-Collo et al., 2012). The 
executive domains mostly affected included initiation, abstract thinking, and response inhibition 
(Leśniak et al., 2008; Nys et al., 2007), flexibility (medium effects), problem-solving, and planning 
(medium to large effects; Planton et al., 2012; Pulsipher et al., 2013; Stricker, Tybur, Sadek & 
Haaland, 2010), interference, maintaining, and shifting of cognitive sets (Pohjasvaara et al., 2002). 
In terms of recovery, it has been suggested that especially deficits in executive functions have det-
rimental effects on functional outcomes (Leśniak et al., 2008). In this context, abstract reasoning 
was the least common function to recover six to ten months post-stroke compared to other (Nys, 
van Zandvoort, de Kort, Jansen, et al., 2005). Additionally, differences in executive functions of 
patients with LHS and RHS have been reported. While some studies found equally common im-
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pairment in both groups (Pulsipher et al., 2013), others suggested that LHS strokes are more often 
predisposed to deleterious executive functions (Glosser & Goodglass, 1990; Nys et al., 2007; Vataja 
et al., 2003). Furthermore, large effects have been indicated for the performance of LHS patients 
with aphasia on tasks measuring executive functions (e.g. planning, problem solving, judgement, 
fluency) in comparison to a control group and to LHS patients without aphasia (Pulsipher et al., 
2013).  
Information processing speed in patients with a stroke 
Next to attention abilities, research has emphasised processing speed as the main disturbed 
cognitive function post-stroke (Barker-Collo et al., 2012; Rasquin et al., 2004). Slow information 
processing was found in up to 70% of the patients two to four months post-stroke (Hostenbach et 
al., 1998). A recent population-based study reported severe deficits in up to 50% of the patients 
five years post-stroke. It was indicated that information processing speed is a major independent 
predictor for post-stroke functional outcomes (Barker-Collo, Feigin, Parag, et al., 2010). Marked 
deficits with large effects were particularly found on tasks with high attentional demands, such as 
„Trail Making Test‟ and „Digit Symbol Tasks‟ (Planton et al., 2012). On simple and complex reac-
tion time tasks, right hemisphere patients have been reported to perform slower than controls and 
patients with LHS. Only with increasing tasks demands were LHS patients found deficient 
(Gerritsen, Berg, Deelman, Visser-Keizer & Jong, 2003). Recent evidence, however, indicated no 
difference in performance related to hemisphere of lesion for the domain of information pro-
cessing speed (Barker-Collo et al., 2012; Planton et al., 2012). Large effects on the differences in 
processing speed performance have been reported between groups of LHS patients with aphasia, 
those without, and healthy controls. Here, the group of patients with aphasia has performed sig-
nificantly worse (Pulsipher et al., 2013). 
Working memory in patients with a stroke 
Marked deficits have been indicated in verbal working memory functions (e.g. list learn-
ing, digit span) and spatial working memory abilities (e.g. figures, geometric stimuli) post-stroke. 
Particularly, large effects have been reported for free recall and verbal working memory. Medium 
effects have been found for recognition and cued recall (Planton et al., 2012). Proportions of im-
pairment ranged between 23% and 55% three months and up to 36% one year post-stroke 
(Leśniak et al., 2008; Snaphaan & de Leeuw, 2007). It has been emphasised that working memory 
is the least affected ability compared to other cognitive functions two to four months post-stroke 
(30%; Hostenbach et al., 1998). Though others have suggested the opposite (88%; Jaillard, Naegele, 
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Trabucco-Miguel, LeBas & Hommel, 2009). After five years of stroke, population-based data re-
ported no evidence regarding below average performance on verbal working memory tasks 
(Barker-Collo et al., 2012). Recovery rates were particularly poor for verbal working memory 
functions, especially after temporal lesions (Nys, van Zandvoort, de Kort, Jansen, et al., 2005). In 
terms of lesion laterality, past research indicated decreased performance in tasks with verbal 
working memory demands after right hemisphere damage compared to controls (Tompkins, 
Bloise, Timko & Baumgaertner, 1994; Tompkins, Scharp, Meigh & Fassbinder, 2008). However, in 
relation to patients with a LHS, the performance tended to be higher in verbal working memory 
(Laures-Gore et al., 2010; Pulsipher et al., 2013; Schouten, Schiemanck, Brand & Post, 2009). Some 
research found no differences between RHS and LHS groups but associated spatial working 
memory deficits with right hemisphere damage (Philipose, Alphs, Prabhakaran & Hillis, 2007). 
This finding is supported by functional imaging research suggesting right hemisphere involvement 
in spatial working memory and left hemisphere involvement in verbal working memory functions 
(D'Esposito et al., 1998). In terms of stroke related symptoms, it has been indicated that aphasia in 
LHS patients has an additional detrimental effect on verbal- and nonverbal working memory tests. 
Their performance has been reported significantly worse in comparison to LHS patients without 
aphasia and a control group. These effects have been reported in large ranges (Pulsipher et al., 
2013).  
Visuo-spatial functions and language in patients with a stroke 
Other affected cognitive functions constitute visuo-spatial and constructional skills, which 
have been found impaired after both RHS and LHS. Typically, these deficits are observed in RHS 
patients two to four months after stroke onset (Hostenbach et al., 1998; Ryan, Bartels, Morris, 
Cluff & Gontkovsky, 2009; Tatemichi, Desmond, et al., 1994). Other research found visuo-spatial 
tasks sensitive but not specific to RHS. This limits the lateralizing characteristics of visuo-spatial 
tasks in stroke patients and suggests that both hemispheres may be involved in spatial processing 
(Nys et al., 2007; Pulsipher et al., 2013). A high prevalence of recovery in visual perception and 
construction six and ten months post-stroke has been indicated compared to other cognitive func-
tions. The recovery of language was least common (Nys, van Zandvoort, de Kort, Jansen, et al., 
2005). Particularly poor performance in language tasks (e.g. oral production, comprehension) after 
LHS compared to RHS has been reported (Nys et al., 2007; Pulsipher et al., 2013). Large effects 
have been found for the group differences between LHS patients with aphasia, those without, and 
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controls on language tasks. Thus, aphasia in LHS patients has been associated with detrimental 
effects on tasks with language demands (Pulsipher et al., 2013).  
Intelligence in patients with a stroke 
The literature on stroke reveals limited information about global intellectual functioning 
given that much emphasis has been placed on specific cognitive decline. With regard to studies on 
global intellectual functioning, below average scores of stroke patients compared to controls, with 
no differences regarding lesion location, have been reported (Zillmer, Waechtler, Harris, Khan & 
Fowler, 1992). Great discrepancies between the FSIQ and the GAI in patients with brain injuries 
have been found with a tendency for the GAI to be higher than the FSIQ (Harrison et al., 2008). 
In terms of lesion location, recent findings have indicated reduced performance following right 
MCA stroke on the Verbal Intelligence Quotient (VIQ), the Performance Intelligence Quotient 
(PIQ), and the FSIQ in comparison to controls (Paradiso et al., 2011). Earlier research concluded 
that RHS patients performed lower on the PIQ than LHS patients, and that the VIQ tapped left 
functions more than right (see Bornstein & Matarazzo, 1982, for a review). Verbal-performance 
discrepancy scores were within wide ranges (-10 to +10) for both RHS and LHS patients 
(Warrington, James & Maciejewski, 1986). More recent studies9 confirmed abnormal VIQ > PIQ 
after LHS, but concluded that discrepancy scores were relative insensitive to RHS. Most im-
portantly, it has been recognised that VIQ-PIQ splits do not serve as predictive diagnostic marker 
of cerebral dysfunction for lateralised damage (Iverson, Mendrek & Adams, 2004; Ryan et al., 
2009).  
An overview of the research findings in patients with a stroke 
Stroke patients in acute care experience a diffuse pattern of severe cognitive deficits. De-
spite some cognitive recovery during the first weeks post-stroke, a large number of patients exhib-
it continuous and lasting cognitive impairment during inpatient rehabilitation and up to five years 
after stroke onset. Table 5 briefly summarizes the current state of research in neuropsychological 
functioning of patients with a stroke.
Table 5. Current state of research of patients with a stroke 
Attention  Attention deficits have been found the most common complaints post-stroke, with little 
recovery and persistent impairment for up to one year. A high rate of impairment is 
associated with RHSa and a predictor for negative functional outcomes. 
 
                                                     
9 These studies involved a mixed group of patients with unilateral damage of different aetiologies (e.g. vascular, tumour, 
brain injury).  
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Table 5. (continued) 
Executive 
functions 
Consistent evidence supports impairment in executive functions, with relatively high 
frequencies up to five years post-stroke. Tendencies towards left hemisphere sensitivity 
to executive function deficits have been suggested. 
 Information 
processing 
speed 
It is agreed upon a significant slowness of information processing post-stroke, with in-
dependent and major contributions to negative functional outcomes. No laterality ef-
fects for this cognitive domain have been indicated. 
 Working 
memory 
There is evidence regarding verbal- and spatial working memory impairment post-
stroke, however, there are inconsistent rates regarding frequencies of these deficits. 
Most research associates RHSa with spatial working memory impairment and LHSb with 
verbal working memory deficits.  
 Intelligence There is limited data on global intellectual functioning post-stroke, however, earlier 
studies reported below overage intelligence scores. Laterality effects have consistently 
been found for the VIQc and the PIQd.   
 Visuo-spatial 
functions and 
language  
There is inconsistent evidence regarding laterality effects in visuo-spatial abilities. Typi-
cally, RHSa are associated with visuo-spatial impairment. Language deficits are primarily 
linked to LHSb, with little rates of recovery. Aphasia in LHSb patients has been associat-
ed with detrimental effects on language tasks and other cognitive tests. 
aRight hemisphere stroke, bleft hemisphere stroke, cVerbal Intelligence Quotient, dPerformance Intelli-
gence Quotient. 
2.2.3 The assessment process in stroke rehabilitation 
Quantifying stroke patients‟ health status with standardised assessments is recognised as a 
fundamental part of the therapeutic process in acute care as well as in inpatient rehabilitation 
(Bland et al., 2013). Next to a functional evaluations10, assessments of cognitive functions have 
been indicated as essential (Heruti et al., 2002). Given that the neuropsychological sequelae of 
stroke is highly heterogeneous and constantly changing during recovery (see section 2.2.2), its 
assessment encompasses many different approaches and varies across the different phases of reha-
bilitation. For example, in acute care it is the priority to prevent sub-acute medical complications 
and to restore neurological functions. Hence, the focus of assessment is more on general health 
functions than on neuropsychological abilities. This is, because general health functions provide 
the best marker of prognosis in the acute phase and because the patients are physically and phys-
iologically still incapable to endure neuropsychological assessments. As stroke survivors are be-
yond the acute phase, the priority of care turns towards the recovery of cognitive sequelae and 
their compensation. Thus, the focus of assessment shifts to a more thorough evaluation in order to 
                                                     
10 An analysis of a functional status is utilized to assess task-specific activities important for a patient‟s overall well-
being, such as motor functions and mobility. Recommended assessment tools are among others the „Barthel Index‟ 
(Duncan et al., 2005).  
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infer to daily activity levels, participation, and reintegration (Miller et al., 2010). Since the domain 
and the degree of neuropsychological impairments highly varies between the points of acute care 
and post-acute rehabilitation (e.g. due to spontaneous cognitive recovery), it is from utter im-
portance to ascertain the presence of deficits at admission to inpatient rehabilitation. Reasons for 
an early implementation of neuropsychological assessments are to enhance clinical decision mak-
ing, to determine realistic rehabilitation aims, appropriate treatment strategies, and to improve 
rehabilitation outcomes (Heruti et al., 2002). Given that the present investigation involves patients 
in the post-acute phase of recovery, the following overview outlines current practices of neuro-
psychological assessments in inpatient rehabilitation facilities. Table 6 displays the rehabilitation 
process of stroke patients using the six-phase model of the German Federal Rehabilitation Council 
(BAR; Bundesarbeitsgemeinschaft für Rehabilitation, 1995). Integrated in this model is an exem-
plary selection of common standardised neuropsychological assessment instruments utilised dur-
ing the different phases of recovery.  
 
Table 6. The rehabilitation process for patients with a stroke 
BARa   Classification 
Level of  
independence 
Assessment 
method 
Procedure 
A 
A
cu
te
 p
h
as
e 
Acute intensive medical 
treatment in stroke units or 
intensive care 
(A) Maintenance of vital 
functions  
Biological autonomy Screenings e.g. K-SNAPb, 
MMSEc, Mo-
CAd, NIHSSe, 
NRSf, SISg 
B 
Su
b
-a
cu
te
 p
h
as
e (B) Early stages of rehabilita-
tion involving medical ther-
apeutic options to maintain 
vital functions and biological 
autonomy (e.g. ventilation) 
  
C 
   
   
   
P
os
t-
ac
u
te
 p
h
as
e 
Outpatient/inpatient rehabil-
itation after discharge from 
acute care  
(C) Curative care and high 
degrees of nursing to achieve 
functional autonomy  
(C) Slow, vegetative, 
instable, mobilisa-
tion obstructed 
Screenings, 
standardised 
neuropsycho-
logical instru-
ments 
e.g. Boston 
Naming Testh, 
MMSEc, Mo-
CAd, NCSEi, 
NRSf, TMTj, 
WAISk, WMSl 
D 
(D) Follow-up treatments 
with the aim of social and 
occupational reintegration 
(D) Medical stability, 
largely independent, 
self-care 
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Table 6. (continued) 
E 
   
R
ec
ov
er
y
 p
h
as
e 
(E) Outpatient treatments to 
achieve social and occupa-
tional reintegration 
Social autonomy  n.a. n.a. 
F 
(F) Long term support and 
follow-up care to maintain 
functioning in specialists 
units 
Note. Modified from (Kaesberg, Fink & Kalbe, 2013) and (Ackermann & Schönle, 2012). 
aBundesarbeitsgemeinschaft für Rehabilitation, bKaufmann Short Neuropsychological Assessment Proce-
dure (Kaufman & Kaufman, 1994), cMini Mental Status Examination (Folstein, Folstein & McHugh, 
1975),dMontreal Cognitive Assessment (Nasreddine et al., 2005),eNational Institute of Health Stroke Scale 
(National Institute of Neurological Disorders and Stroke, n.d.),fNeurologischer Reha Score (Thilmann, 
Nachtmann & Scharff, 2006), gStroke Impact Scale (Duncan et al., 1999), hBoston Naming Test (Kaplan, 
Goodglass & Weintraub, 1983), iNeurobehavioral Cognitive Status Exam (Kiernan, Mueller, Langston & 
Van Dyke, 1987), jTrail Making Test (Reitan, 1992), kWechsler Adult Intelligence Scales (e.g, Wechsler, 
2008), lWechsler Memory Scale (Wechsler, 2009b). 
Screening techniques 
In acute and sub-acute phases of the rehabilitation of a stroke, patients are still bedridden 
and severely impaired in their functional abilities. Therefore, neuropsychological assessment pro-
cedures are mostly limited to short screenings or remain incomplete. In these settings, screenings 
should be indispensable for initial profile analysis of cognitive impairment because they can be 
used as early warning systems about prognosis of post-hospital care. It is suggested that further 
comprehensive assessments are needed in post-acute stages of recovery in order to examine the 
patients‟ cognitive status thoroughly and to evaluate for neuropsychological syndromes (e.g. ne-
glect). Such information is critical for drawing conclusions on patients‟ care, intervention plan-
ning, and recovery (Kaesberg et al., 2013). However, professionals oftentimes base their overall 
cognitive assessments on screening techniques. For example, the Mini Mental Status Examination 
(MMSE) is most routinely used on admission to rehabilitation (Heruti et al., 2002) and clinical 
practice guidelines recommend its implementation in stroke patients in inpatient rehabilitation 
facilities (Duncan et al., 2005). The accuracy of screening tests is, however, limited as they lack 
reliability. Information may not be well reflected and may lead to under- or overestimation of 
impairment. Moreover, they often misidentify deficits or let patients with deficits slip through the 
screen. Nevertheless, screening techniques should still be used with the knowledge of its limita-
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tions and with the prospect of a further careful neuropsychological study to disentangle and iden-
tify underlying impairment and its severity (Lezak et al., 2004).  
Standardised neuropsychological assessments  
Recent approaches to stroke management demand early evaluations of neuropsychological 
deficits with reliable instruments in rehabilitation (Miller et al., 2010). The use of validated stand-
ardised measures of cognitive outcomes post-stroke is also suggested in the scientific literature (see 
Barker-Collo & Feigin, 2006, for a review). Thus, both in clinical practice as well as in research 
standardised neuropsychological assessments are recognised as an essential component for indi-
viduals with a stroke in inpatient rehabilitation facilities (Bland et al., 2013). Particularly, the use 
of comprehensive assessment batteries, which encompass a broad range of cognitive functions, are 
emphasised (see Barker-Collo & Feigin, 2006, for a review). The goal of a thorough neuropsycho-
logical examination post-stroke is twofold. The first is to determine the presence of impairment 
and the need for treatment. Since neuroimaging devices determine only an anatomical diagnosis of 
a stroke, neuropsychological assessments should be used to identify the nature of cognitive im-
pairments and strengths, as well as to document those abilities that are inconsistent with findings 
from neuroimaging (Lezak et al., 2004). The second goal is to qualify and quantify deficits, to track 
changes, and adapt treatment procedures and intervention (Miller et al., 2010). By fulfilling these 
goals a variety of benefits are promoted. These include continuity of care, enhanced clinical deci-
sion making, and increased prognostic estimations. Thereby, the patients‟ potential to take active 
part in rehabilitation can be facilitated and the success rate of therapy may increase. Making clini-
cal decisions without initial prognostic information is inefficient and very problematic (Bland et 
al., 2013; Heruti et al., 2002). Notwithstanding these benefits a routine use of standardised neuro-
psychological assessments in inpatient rehabilitation continuous to be challenging due to various 
reasons. These include low adherence rates of clinicians to cognitive assessment (Bland et al., 
2013) and the lack of consensus on standardised instruments (Barker-Collo & Feigin, 2006; 
Gottesman & Hillis, 2010). 
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3 The present empirical investigation  
 
The previous sections provided an overview of substantial research with inconsistent re-
sults regarding intellectual and cognitive functioning in adults with ADHD or stroke. Moreover, it 
was pointed out that neuropsychological assessments may play an important role in disentangling 
and identifying deficits in these areas, which may ultimately serve diagnosis and intervention. 
However, research on intellectual and cognitive functioning in adults with ADHD and in stroke 
patients in inpatient rehabilitation facilities has revealed some limitations and methodological 
issues. It is, thus, essential to improve our knowledge concerning these aspects. The following two 
sections describe the rationale and overall aims of the present investigation as well as the issues of 
previous research concerning adults with ADHD or stroke. 
3.1 Rationale and aims of the studies on adults with ADHD 
Prior research challenges the validity and accuracy of self-reported information and suggests 
that objective data on neuropsychological functioning adds valuable information to the diagnostic 
process and to inform treatment plans. The contribution of neuropsychological assessments to the 
diagnostic process is confined by various factors in scientific research. These include: (a) that no 
cognitive impairment has yet been identified as a specific marker for ADHD in adulthood. This 
implies that the absence of cognitive dysfunctions does not rule out a diagnosis whilst its presence 
does not guarantee one and/or might just as well be accounted for by other variables; (b) the appli-
cation of single instruments measuring specific cognitive functions lose information and decreases 
sensitivity and negative predictive power since ADHD in adulthood is marked by a heterogeneous 
symptomatology causing a wide array of deficits; (c) comprehensive neuropsychological assess-
ments encompassing many cognitive domains are not yet standardised and there is no consensus 
on appropriate assessment tools to evaluate the deficits in ADHD in adulthood. These three rea-
sons limit the ability to draw firm guidelines and conclusions of neuropsychological assessments in 
clinical practice. Thus, there is ample need for consent on a tool with sufficient specificity and 
sensitivity to detect the cognitive deficits in adults with ADHD. In line with the view that ADHD 
in adults is very heterogeneous, a battery of tests can be essentially helpful in the identification of 
cognitive functioning. To this end, the current thesis seeks to examine the fundamental barriers to 
diagnosing ADHD in adults by addressing the identification of neuropsychological functions with 
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a battery-approach by means of the WAIS-IV. In addition, the status of self-evaluations for the 
diagnostic process is considered and it is discussed whether self-evaluations reflect the results 
found in objective psychometric tests. Accordingly, the global aims of the present research are 
threefold: 
 Implementation of an objective approach that attempts to identify a general cognitive pat-
tern of adults with ADHD by means of the WAIS-IV. 
 Implementation of an objective approach to examine whether deficits found in the WAIS-
IV are related to ADHD in adulthood or whether they actually form an artefact of comor-
bidity or medication at time of assessment. 
 Implementation of a subjective approach that examines the status of self-evaluation in the 
assessment of ADHD in adulthood. 
Methodological issues 
For the above aims, the current research addresses some methodological difficulties pre-
sent in prior studies, which may have caused conflicting findings and variability concerning neu-
ropsychological performance in adults with ADHD. The first issue relates to the variability of neu-
ropsychological assessment tools. Discrepant outcomes are likely to be due to considerable diversi-
ty of methods and differences in test utilization and administration. In this regard, there is a heavy 
use of tests across studies examining neuropsychological functions with limited power and sensi-
tivity (e.g. screenings, short forms, flexible test-batteries). This may have contributed to an unclear 
pattern of effects, inaccurate conclusions, and may have further complicated the comparability of 
results. Moreover, many studies drew conclusions upon scores from single tests or a combination 
of individual subtests from a test battery (see Frazier et al., 2004, for a review). Therefore, the for-
mal psychometric requirements for combining subtests and comparing their results may not have 
been met (e.g. test invariance, metric units, norms). Such lack of equivalence between tests may 
have constrained the validity of results. In order to overcome this, the current study addresses this 
issue by applying a psychometrically sound and fully standardised assessment battery (WAIS-IV). 
The second problem pertains to adequate statistical power. Many studies on neuropsychological 
functioning in adults with ADHD have a lack of statistical power due to small sample sizes and 
non-random group matching procedures. This may heighten the risk of Type II error and unrelia-
ble results on differences between patients and controls. A sufficiently large sample in accordance 
with a priori power analyses was included in the current research to derive more valid results. 
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Moreover, a random matching procedure was applied to add a control sample matched according 
to sex, age, and education. The third issue concerns the identification of adults with ADHD. As 
such, a potential source of error in prior studies may have been the considerable differences in the 
diagnostic procedures and the general lacking consensus of general diagnostic criteria. To ensure a 
clinically valid diagnosis of ADHD in adulthood, the present research made use of multiple 
sources of information in diagnostic decisions (e.g. clinicians‟ diagnosis, rating-scale based on ICD-
10). The fourth issue relates to control variables on test performance. In terms of comorbidity it is 
debated to whether cognitive deficits are related to ADHD in adulthood or, in fact, are an artefact 
of comorbidity. Yet, only limited research addressed the influence of comorbidity in adults with 
ADHD at all, extensively or accurately. Regarding stimulants and other psychopharmacological 
medication intake at the time of assessment, it is indicated that they yield positive or negative 
effects on cognitive performance. Yet medication intake and long term influence on performance 
is not always considered in studies. As they may serve as possible confounders, the present re-
search carefully controlled for the effect of comorbidity and medication status in the analyses and 
explicitly reported the levels of comorbid psychiatric conditions and medication.  
3.2 Rationale and aims of the study on stroke  
It has been claimed that the identification of neuropsychological deficits of stroke patients ear-
ly at rehabilitation admission improves overall treatment success by tailoring therapeutic inter-
vention to strengths and weaknesses of the patient. Despite its importance for functional out-
comes, neuropsychological sequelae after stroke are often neglected in clinical practice, particular-
ly at the point of rehabilitation. While neuropsychological outcomes post-stroke have been broad-
ly discussed in the literature and dysfunctions have often been reliably linked to stroke, studies 
continue to provide a largely heterogeneous picture of cognitive sequelae post-stroke at the point 
of rehabilitation. Studies report diffuse cognitive profiles at different stages of post-stroke recovery 
and across various pathological stroke types with different aetiologies. Furthermore, clinical fac-
tors have been found that may be associated with these deficits. The heterogeneity of results may 
be attributed to different reasons: (a) only specific areas of neuropsychological functions were as-
sessed and so far little has been done to employ a full standardised assessment battery to measure 
general cognitive functions in early stages of rehabilitation; (b) there is a lack of a standardised 
neuropsychological assessment instrument in scientific research and clinical practice. The present 
thesis addresses these issues by applying the following aims:  
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 Specifying the cognitive sequelae post-stroke by evaluating patients‟ cognitive status, their 
strengths and weaknesses at the point of rehabilitation with the WAIS-IV battery. 
 Examining if language deficits, neglect, hemianopsia, and PSD have an additional effect on 
WAIS-IV performance in stroke patients. 
Methodological issues  
Working to achieve these aims, the current investigation addresses methodological issues 
of prior studies, which may underlie the variability in the literature. The first issue pertains to the 
variability of tests across studies to measure cognitive functions post-stroke. The inconsistency 
may be due to the lack of standardization in the selection of measures and of standardization of 
tests for stroke patients. Therefore, a large number of studies utilize tests from diverse sources. 
This means, that these tests may differ in their metric and evolve the issue of multiple compari-
sons and increases the probability of type I error. Moreover, there are still tests used without a 
metric, with no representative sample or normed at all. Since valid inferences regarding cognitive 
deficits are dependent on the degree of equivalence of the normative sample of the tests, the com-
parability of results may be increased and the type I error may be reduced by applying standard-
ised measures with appropriate statistical methods (e.g. Bonferroni correction). The current inves-
tigation intended to make up for these shortcomings by means of a standardised test battery, the 
WAIS-IV. The second issue denotes inadequate statistical power. A large number of studies on 
cognitive functions post-stroke are limited by small sample sizes and/or a lack of a control group 
or inadequate matched controls. This increases the risk of type II error. In order to provide suffi-
cient power to detect differences between the groups, the present research calculated the neces-
sary sample size with a priori power analyses. Moreover, a random group matching procedure 
from a large pool of data provided a perfect match to the control group according to sex, age, and 
education. The third issue relates to the heterogeneity of the stroke sample. Inconsistencies may 
have resulted from grouping together different stroke types. In an attempt to draw more reliable 
inferences from the data, the current investigation included a more homogenous group of patients. 
The last issue relates to potential factors influencing neuropsychological performance. As such, 
stroke related variables including lesion characteristics, motor and language deficits or sensory 
impairment have often not been taken into sufficient account. The present investigation attempt-
ed to sufficiently describe and consider the impact of these variables in the interpretation of the 
results.  
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4 Methods 
 
The following part introduces the methods of the present research, including the design, 
sample selection, and the assessment. The central results of studies I, II, and III are presented. 
More detailed information, which is not fully considered in the following, can be found in the 
individual studies (see Appendix B to D). 
4.1 Target population and sample composition 
The first part outlines the demographic characteristics of both samples of the present in-
vestigation. Following this, the sample selection, recruitment, and composition are addressed sepa-
rately. The individual recruitment procedures and the sample selection for adults with ADHD or 
stroke until the point of publication are depicted in a Consort-Flow diagram in Figure 2 and 4. 
Details on in- and exclusion criteria and specific clinical characteristics for each of the samples are 
provided. Concisely, the matching procedure of the control sample and its composition is outlined. 
4.1.1 Demographic characteristics 
In total, N = 124 adults with ADHD and N = 112 patients with first-ever unilateral, is-
chemic stroke underwent assessment. Details of demographic characteristics are portrayed in Ta-
ble 7. At the time of assessment, the majority of patients lived in the northern regions of Germany 
(e.g. Bremen, Southern Saxony, North Rhine-Westphalia). Large differences in the male: female 
ratio indicates an unbalanced gender proportion for both groups. Higher rates of male ADHD cas-
es are in accordance to scientific surveys and meta-analytic data (Kessler et al., 2006; Simon et al., 
2009), however, not always significant (Zwaan et al., 2012). Additionally, more stroke incidents in 
men are in line with age-specific stroke rates (Heuschmann et al., 2010; Reeves et al., 2008). With 
respect to education levels, 47% adults with ADHD reported a school degree equivalent to 13 
years of education (= Gymnasium) and 52% accomplished their degree in 9 (= Volks- Hauptschule) 
to 10 years (= Realschule). Although, these characteristics differ from some studies with much 
lower education rates (≥ 12 years of school (16%); Zwaan et al., 2012), they are largely consistent 
with those of others (≤ 11 years of school (16%), = 12 years (33%), ≥ 13 years  (51%); Kessler et al., 
2006). The educational degrees in the sample of stroke coincides with annular statistical reports 
involving elderly adults (≥ 65 years) in Germany (Arbeitsgruppe Bildungsberichterstattung, 2012). 
The current level of occupation for the samples (at the time of assessment) is categorised into 
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standardised codes of the International Labour Organization (2008). For patients with stroke, these 
levels are indicated for past and current occupations. 
Table 7. Demographic characteristics of the total samples (N) 
 
ADHD Stroke 
N 124 112 
Gender ratio (male: female), n 75:49 81:31 
Age, M, SD (min.-max.) y 37.9, 11.4 (17-71) 65.8, 11.4 (38-88) 
Educational Degree, n (%)  
 
Volks-Hauptschulea 18 (15.5) 76 (67.8) 
Realschuleb 42 (36.2) 18 (16.1) 
Gymnasiumc 54 (46.6) 15 (13.4) 
Still in school   2   (1.7) - 
Special needs school -   2   (1.8) 
no degree -   1   (0.9) 
ISCOd, n (%) Current  Past Current  
ISCO 1-3e 24 (20.7) 23 (21.5)   5   (4.6) 
ISCO 4-5f 24 (20.7) 15 (14.0) 12 (11.3) 
ISCO 6-8g   9   (7.8) 57 (53.3) 14 (13.1) 
ISCO 9h   2   (1.7)   3   (2.8)   1   (0.9) 
Housewife   3   (2.6)   9   (8.4) - 
Retired/disabled/unemployed 28 (24.1) -             75 (70.1) 
Student/PhD 26 (22.4) - - 
State of Living  
 
Bremen 74 (59.7)   1 (1.7) 
Southern Saxony 29 (23.4) 50 (86.2) 
North Rhine Westphalia   4   (3.2)   7 (12.2) 
Berlin    4   (3.2) - 
Hamburg   6   (4.8) - 
Other    7   (5.7) - 
a9 years of school, mandatory basic school, b10 years of school, intermediate type of advanced 
school, c13 years of school, high school equivalent, dInternational Standard Classification of Oc-
cupation (International Labour Organization, 2008), eoccupation with higher education (e.g. 
manager, health professionals, engineering associate), foccupation involving clerical support, ser-
vice and sales (e.g. secretary, cook, service), goccupation involving agriculture (e.g. farmer, fish-
er), craft work (e.g. carpenter, bricklayer), and machine operators (e.g. truck driver), helementary 
occupations with no further education after school (e.g. cleaner, helper). 
4.1.2 Sample of adults with ADHD 
Studies I and III followed a quasi-experimental cross-sectional design with a non-
probability sample of adults with ADHD. Their recruitment of the total sample, the study proce-
dure, and the study sample characteristics‟ are as follows.  
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Recruitment and procedure  
Initial power analyses were performed to calculate a sufficient sample size to test the hy-
potheses. A reasonable minimum desired effect size was set at medium ranges11 and at significance 
levels of .05. This value indicates a sufficient degree of power to determine group differences with 
sample sizes of N = 218. Due to reasons of exclusion, an approximate 10% drop-out rate was esti-
mated and acknowledged for sample recruitment. Therefore, more patients were assessed as indi-
cated by power analyses. The recruitment took place between April 2012 and May 2013. One part 
of the data was provided by an outpatient psychiatric clinic where diagnoses and treatment for the 
adults have taken place or took place at the time of recruitment. During recruitment, 364 adults 
with an ADHD diagnosis received a letter with information regarding the present investigation. 
All patients had the voluntary option to respond to this letter and take part in this research. A 
second part of the data was retrieved via press releases in local newspapers. Suspected ADHD cases 
were screened on the telephone for eligibility according to a set of predefined inclusion criteria 
(ADHD diagnosis; ≥ 17 years), excluding those with intellectual disability and with a history of 
severe head injury. Medication and comorbidity were no reason for exclusion. All individuals who 
reported to be clinically diagnosed with ADHD in child- or adulthood were invited and scheduled 
for assessment. A copy of a clinical report for diagnostic verification was asked for. In addition to 
clinical reports, the diagnoses of all participants were verified with a diagnostic screening that 
provides diagnoses according to the criteria of the ICD-10. This screening was especially im-
portant for diagnostic confirmation of those participants who forgot their copy (n = 11). Prior to 
assessment, written informed consent was obtained from all participants. The assessment took 
place in a one-to-one setting in the premises of the University of Bremen or at the outpatient clin-
ic. In terms of anonymity, each participant received a numerical code and his or her data was 
scored blindly. On request, the participants received their assessment results in form of a written 
report. Doing this, they voluntarily revealed their identity. Details of the recruitment procedure, 
assessment enrolment, and sample selection for data analysis are displayed in Figure 2. The total 
sample size differentiates between study I (N = 123) and study III (N = 124) because of ongoing 
assessments whilst the manuscript of study I had been completed and submitted for publication.  
                                                     
11 Most prior research involving adults with ADHD indicates medium effect sizes for neuropsychological functioning. 
For details, please refer to section 2.2.2.  
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Figure 2. Consort-Flow diagram through the phases of recruitment and sample selection for data analysis for 
studies I and III. 
Note. The difference in N between the studies is a result of on-going recruitment after the completion of the 
manuscript for study I. Therefore, the additional patient assessed was only included in study III. ICD-10, 
Internal Classification of Diseases – Tenth Edition.  
Clinical characteristics  
All participants included in the studies I and III met the ICD-10 criteria for ADHD. Ac-
cording to the DSM-IV-TR criteria, a substantial proportion of the patients fulfilled the criteria for 
ADHD combined type (85%). Of all the participants, 80% received a diagnosis of ADHD in adult-
hood (≥ 18 years) compared to the rest who were a diagnosed with ADHD during childhood. In 
terms of comorbidity, 73% of the adults with ADHD had a least one comorbid condition. Figure 3 
displays the percentage share of comorbid conditions in the sample. Moreover, prior to assessment 
the participants did not refrain from their medication treatment. That means that in both studies 
approximately 60% of the adults were under medical treatment in form of stimulants or antide-
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pressants (e.g. Ritalin, Methylphenidate, Selective Serotonin Reuptake Inhibitor (SSRI), Trycyclic 
Antidepressants). For more detailed information please refer to Appendix B.  
 
 
Figure 3. Percentage share of comorbid conditions in adults with ADHD. 
 OCD, Obsessive compulsive disorder; PTSD, Post traumatic stress disorder; TBI, traumatic brain injury.  
4.1.3 Sample of ischemic stroke patients  
The present research was confined to patients with a first-ever unilateral, ischemic stroke 
who had been admitted to inpatients rehabilitation settings. The study followed a quasi-
experimental cross-sectional design with a non-probability sample. The recruitment of the total 
stroke sample, the study procedure, and the clinical characteristics are described in the following.  
Recruitment and procedure 
A priori power analyses estimated a total sample size to reveal medium to large effects12 in 
the statistical analyses and at significance levels of .05. This value indicates a sufficient degree of 
power to determine group difference with sample sizes of N = 172. A 10% drop-out rate was esti-
mated and acknowledged for sample recruitment thus more patients than indicated by the power 
analyses were recruited and assessed. The participants got recruited through two inpatient rehabil-
itation facilities between May 2012 and December 2012. Details on the process of pre-selection, 
recruitment procedure, assessment enrolment, and sample selection for data analysis of the pub-
lished studies are displayed in Figure 4. A first pre-identification of patients fitting the inclusion 
                                                     
12 Much of the previous research involving stroke patients indicate effect sizes in medium to large ranges for neuropsy-
chological functioning. For more information please refer to section 2.2.2. 
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criteria was achieved with an electronic database, which contained anamnestic information, med-
ical, and therapeutic records. Since the medical records, which were in all cases provided by the 
acute hospital were most often incomplete, the strokes could not be verified by neuroimaging da-
ta. Therefore, experienced neuropsychologists in charge of supervision for the present research 
confirmed the criteria for inclusion (see Table 8). This was done by means of clinical reports in the 
database and/or following consultation with neuropsychologists. Patients identified as eligible 
were visited by those responsible of the investigation and were informed about the study and 
asked for their interest to participate. Patients who agreed to participate were scheduled for evalu-
ation. Each participant gave his or her written informed consent prior to assessment. Test admin-
istration took place in private rooms in the rehabilitation facility on average 15 days (SD = 9) after 
the patients‟ admission. This means, that on average the participants benefitted from two weeks of 
therapy prior to assessment. Therapeutic interventions were different for each patient but majorly 
included mobility training, computer-based therapy, occupational- and speech-language therapy, 
and healthy education. The next part provides a detailed overview of the clinical characteristics of 
the study sample by addressing the type of stroke, the time between first-ever stroke onset and 
assessment, as well as clinical symptoms and signs. 
Table 8. In- and exclusion criteria for recruitment and sample selection of stroke 
Inclusion Exclusion 
Ischemic causes of stroke Impaired consciousness  
First-ever stroke Severe motor impairment 
Unilateral  Severe auditory and/or visual deficits  
Isolated MCAa territory infarct Global aphasia, no means of communication  
 Acute psychiatric illness 
 
Evidence bilateral, multiple stroke (preexisting 
cognitive impairment) 
aMiddle cerebral artery.  
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Figure 4. Consort-Flow diagram through the phases of pre-selection, recruitment, and sample selection for 
data analysis for study II.  
MCA, Middle Cerebral Artery. 
Stroke type  
The current investigation focused on patients with first-ever unilateral, ischemic stroke 
following MCA occlusion. Ischemic causes and MCA occlusion were selected to derive conclu-
sions from a homogenous group of patients. In order to obtain a fairly large study sample, ischemic 
stroke was chosen as it is considered the most frequent stroke type and MCA occlusion was select-
ed as it presents the most commonly affected artery by ischemic stroke (see section 2.2.1). Moreo-
ver, choosing patients with a first-ever stroke raised the possibility to rule out prior stroke related 
sequelae, particularly preexisting cognitive impairment. Unilateral strokes were selected in order 
to derive conclusion on domain specific differences in cognitive functions and to rule out more 
severe sequelae due to bilateral infarcts.  
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Time since stroke 
The majority of patients were assessed within one year post-stroke (87%), with an average 
time of 24 weeks between stroke onset and assessment. All of these participants were in rehabilita-
tion phase D, which indicates a period in rehabilitation in which the patients are largely inde-
pendent their actions, receiving only minimal amount of care (see Table 6). The rest of the pa-
tients (13%) had a stroke onset more than 1 year prior to assessment and received rehabilitation 
service due to persistent stroke related motor and cognitive deficits. Of these patients, none 
showed aphasic symptoms, neglect or hemianopsia. However, more than 50% of them received a 
diagnosis for PSD. The sample selected for study II consisted of n = 58 patients with RHS and n = 
49 with LHS. 
Clinical symptoms and signs 
In terms of behavioural sequelae, some deserved specific focus during assessment. As such, it 
occurred that some patients needed to use their non-dominant hand to accomplish a task with 
motor demands if their dominant upper limb was affected by paresis (27%). In addition, patients 
with language impairment received particular simple and slow test instructions. In tasks with ver-
bal demands, these patients were given enough time to accomplish the tasks and were encouraged 
to use other modes of communication. For example, patients who experienced problems with 
word finding or phrasing a word were encouraged to write down an answer, use their hands to 
point to objects or make signs. Confirmed by logopaedic records, none of the participants with 
language impairment had problems in comprehending speech. Some patients with LHS experi-
enced deficits in language production, word finding, spontaneous speech or utterances of words. 
The classification of patients with language impairment was achieved by clustering them into two 
groups based on the general categorisation of the forms of aphasia (non-fluent vs. fluent, see sec-
tion 2.2.1). One group consisted of LHS patients with fluent speech but trouble with word finding, 
thus, speaking around words (n = 12) and the other group of LHS patients with non-fluent com-
munication due to impairment of spontaneous speech and utterances of words (n = 17). Moreover, 
11% and 19% of the patients of study II demonstrated hemianopsia and neglect, respectively. This 
was determined by appropriate tests of the neuropsychologists at the rehabilitation facility. For 
more information on clinical sample characteristics please refer to Appendix C. Supplemental to 
the published studies, PSD is addressed in the current thesis. Since no ICD-10 criteria exist to 
draw post-stroke diagnostic inferences, a diagnosis was determined based on method commonly 
used in other studies (e.g. Ayerbe et al., 2013; Dohmen et al., 2006). Thus, a diagnostic category of 
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depression was accepted if (a) the stroke patients received an ICD-10 diagnosis of major depressive 
disorder (F32.0) or Dysthymia (F43.1) by the neuropsychologists in rehabilitation clinics and if (b) 
those patients without a diagnosis achieved a cut-off for abnormality on a standard depressive 
screening (see section 4.2.2). If data on the depressive status was missing or negative, patients were 
considered as not depressed. In total n = 38 patients met the criteria for a PSD. Of these patients 
meeting the criteria, n = 11 received antidepressants (e.g. SSRI).  
4.1.4 Control group  
The control group was selected from the German normative sample of the WAIS-IV (N = 
1,454). The normative sample is representative for the German-speaking population of individuals 
between 16:0 and 90:11 years, stratified for sex, education, and geographical regions. For a detailed 
description of the sample please refer to (Petermann, 2012). The control samples for studies I to III 
were randomly drawn using Data Analysis and Statistical Software (STATA; StataCorp., 2013) and 
matched according to sex, age, and education. The large data pool of the normative sample en-
sured that each adult with ADHD and each patient suffering from stroke has a perfect random 
match. Thus, no statistical differences occurred between these variables.  
4.2 Assessment  
The assessment methods used for the present investigation included the WAIS-IV, which 
was administered in strict accordance to its standardised administration procedure by doctoral-
level graduates and master students with extensive training. Standardised questionnaires were 
included in the assessment to determine diagnostic criteria and symptom severity. All tools in-
cluded in the assessment were scored blind to the identity of the participants.  
4.2.1 Wechsler Adult Intelligence Scale- IV 
The WAIS-IV provides a normative sample of adults between 16:0 and 90:11 years and is 
considered a standardised instrument to examine intellectual and cognitive functions. The follow-
ing lines outline the structure and the framework of the WAIS-IV and its psychometric properties. 
Furthermore, its clinical utility is addressed and its application in the present research is outlined. 
Structure and test framework  
The WAIS-IV was utilised to determine a psychometric cognitive profile for each partici-
pant. This profile included the calculation of global intellectual functioning (FSIQ) and specific 
cognitive functions represented by four indices: Verbal Comprehension Index (VCI), Perceptual 
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Reasoning Index (PRI), Working Memory Index (WMI), and Processing Speed Index (PSI) (M = 
100, SD = 15). The four indices are composed of a sum of various subtest scaled scores (M = 10, SD 
= 3) and the FSIQ is derived from the sum of ten scaled scores. More information on the WAIS-IV 
structure and the test framework are depicted in Figure 5. Table A1 displays a description of each 
subtest, what it measures, its CHC ability, and cognitive capacities needed for efficient perfor-
mance. Furthermore, essential information for the psychometric profile was added by the GAI (M 
= 100, SD = 15), an optional index for global intellectual functioning, solely composed on verbal 
and perceptual reasoning abilities. Thus, it is derived from the sum of scaled scores on the VCI and 
the PRI, excluding those of the WMI and the PSI (see Figure 5). The GAI may only be determined 
if the size of difference between the highest and the lowest index is larger than 1.5 SD (≥ 23 IQ 
points) and if the size of the standard score difference between the VCI and the PRI is less than 
1.5 SD (≤ 23 IQ points). A further index standard score of the WAIS-IV is the Cognitive Proficien-
cy Index (CPI), which reflects an individual‟s ability to process information. However, in the pre-
sent research the CPI received no special attention. Additional focus was put on the calculation of 
scaled process scores („Block Design No Time Bonus‟ [BDN], „Digit Span Forward‟ [DSF], „Digit 
Span Backward” [DSB], and „Digit Span Sequencing‟ [DSS]). They are based on the performance on 
the corresponding subtests (M = 10, SD = 3).  
 
Figure 5. Structure of WAIS-IV with average reliability coefficients (Petermann, 2012). Note. Supplemental 
subtests in cursive letters; new subtests in bold letters; all remaining subtests are core subtests. FSIQ, Full 
Scale Intelligence Quotient; PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; VCI, Verbal 
Comprehension Index; WMI, Working Memory Index. 
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Psychometric properties 
The WAIS-IV reliability has been proven strong with good to excellent reliabilities for the 
composite score, indices, and subtests. This accounts for a reliable interpretation of the WAIS-IV 
and provides the fundamental requirements for psychometric testing. Recent structure analytic 
studies confirm this (Benson, Hulac & Kranzler, 2010; Canivez & Watkins, 2012; Weiss, L. G., 
Keith, Zhu & Chen, 2013). For the German adaption of the WAIS-IV, the average reliability coef-
ficients13 of the composite scores are indicated as follows: VCI, .97; PRI, .94; WMI, .94; PSI, .90; 
FSIQ, .98. For the subtests, reliability coefficients ranged between .78 and .94. (Petermann, 2012) 
Additionally, strong evidence related to the scale‟s validity is provided from comparison with oth-
er measures of cognitive functions (Petermann, 2012; Wechsler et al., 2008). This supports the 
utilization of the WAIS-IV as an instrument to assess cognitive functions. Evidence from special 
group studies (Wechsler et al., 2008) supports its clinical utility and it is assumed that the WAIS-
IV measure the same functions in both healthy individuals and in adults with clinical disorders 
(Weiss, L. G. et al., 2013). 
Clinical utility 
The WAIS-IV encompasses profound structural changes, content, and administration 
modification. These make it more adaptable to clinical and neuropsychological settings in contrast 
to its predecessors. On subtest level several changes have been made to increase its implication for 
neuropsychological application. These are (a) improved user friendliness (e.g. reduced discontinue 
rules, decreased testing time), (b) developmental appropriateness (e.g. reduced sensory and motor 
demands, explicit instructions, reduced time bonuses), and (c) increased emphasis on neuropsy-
chological constructs. This was done by emphasizing reasoning and working memory abilities and 
by putting less weight on crystallised knowledge: The measurement of fluid reasoning has been 
enhanced by adding the subtests „Visual Puzzles‟ (VP) and „Figure Weights‟ (FW) and revising the 
subtest „Matrix Reasoning‟ (MR). Greater emphasis has been placed on the examination of pro-
cessing speed and working memory by reducing visual acuity and motor demands in processing 
speed subtests. Particularly, neurological patients with reduced psychomotor speed gain advances 
through a reduced focus on speed. In these patients, the FSIQ may not be as much affected as the 
predecessors. Moreover, the subtests „Digit Span‟ (DS), „Arithmetic‟ (AR), and „Letter-Number 
Sequencing‟ (LNS) now reflect the advances in the understanding of working memory abilities. 
Working memory demands were increased (e.g. addition of „Digit Span Sequencing‟ [DSS]), time 
                                                     
13 For more information on reliability of the WAIS-IV please refer to Petermann (2012).  
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bonuses were eliminated, and AR items contain reduced verbiage and mathematical knowledge. 
The subtests of the VCI include an enhanced reasoning with crystallised words. Even though prior 
crystallised knowledge is required for all subtests to perform, less weight is put on pure crystallised 
knowledge (e.g. recite learned facts/words), particularly on the subtest „Similarities‟ (SI; Wechsler 
et al., 2008).  
Application 
The application of the WAIS-IV in adults with ADHD or stroke differed to the extent that 
the former group was exposed to ten core subtests and two supplemental subtests (LNS, CA) and 
the latter group was assessed with nine core subtests and one supplemental subtest („Picture Com-
pletion‟ [PC]). A reason to replace „Block Design‟ with PC in the stroke sample was due to reasons 
of high motor demands of the task and expected motor deficits due to stroke. The administration 
time of the WAIS-IV required approximately 90 minutes in the ADHD sample and 50 to 60 
minutes in the sample of stroke patients. 
4.2.2 Self-reports  
Several questionnaires were used in the assessment of the present research. Adults with 
ADHD or stroke filled out the questionnaires by themselves following WAIS-IV administration. 
Some stroke patients had difficulty reading the items and received help by the examiner accord-
ingly. Adults with ADHD filled out the ADHD questionnaires presented below, the stroke patients 
filled out the Beck‟s Depression Scale-II only. 
ADHD diagnostic questionnaire and symptom severity 
The self-report questionnaire ADHS-SB (Rösler, Retz-Junginger, et al., 2008) was utilised 
to examine diagnostic criteria of ADHD and to estimate the degree of symptom severity. Partici-
pants responded to 22 four-choice items (0-3) on the scales attentiveness, hyperactivity, and im-
pulsiveness. An item was counted as fulfilled when a participant chose a symptom to be slightly, 
mild or severely pronounced. A diagnosis according to the ICD-10 (World Health Organisation, 
1992) or DSM-IV-TR (American Psychiatric Association, 1994) could be given if the specific algo-
rithm was met and if retrospective ADHD symptomatology was verified with four additional 
items. Hence, when a participant attained a minimum of 6 points on items 1 to 9 (attentiveness), a 
minimum of 3 on items 10-14 (hyperactivity), and a minimum of 1 on items 15-18 (impulsiveness) 
a diagnosis according to the ICD-10 was given. Following the DSM-IV-TR algorithm, the criteria 
for the combined type (ADHD-C) were met when a participant attained a minimum of 6 points on 
4 Methods 
62 
 
the items of attentiveness and a minimum of 6 on the items of hyperactivity and impulsiveness. 
Criteria for the predominantly inattentive type (ADHD-I) and the hyperactive-impulsive type 
(ADHD-H) were met when either 6 points of the according items were attained. Symptom severi-
ty was determined by using unpublished data from the workgroup of Stieglitz. For details please 
refer to Rösler, Retz-Junginger, et al. (2008). Thus, a raw score which was 1 SD above the mean 
was accounted for as clinically significant; attentiveness (M = 15.03, SD = 6.08)‚ hyperactivity (M = 
7.67, SD = 3.58), impulsiveness (M = 5.65, SD = 3.22)‚ hyperactivity/impulsiveness (M = 13.29, SD = 
5.95), total scale (M = 28.34, SD = 10.76). The average administration time was 7 minutes. Its in-
ternal consistency has been reported between α = .72 and α = .90. Re-test reliability of the ques-
tionnaire ranges between rtt = .78 and rtt = .89. 
ADHD screening for adults 
The ADHS-E screening for adults is a dimensional assessment instrument based on the di-
agnostic criteria of ADHD (Schmidt & Petermann, 2009a). It is a standardised instrument with 
normative data to determine the degree of symptom severity of ADHD. Next to a global score of 
severity, the screening permits to evaluate the degree of impairment on five scales: „Emotion and 
Affect‟, „Attentional Control‟, „Unrest and Hyperactivity‟, „Impulsivity and Disinhibition‟, and 
„Stress-Tolerance‟. The scale „Emotion and Affect‟ assesses the control of mood and emotions in 
stressful situations and in those where solution strategies need to be applied. The scale „Attentional 
Control‟ captures deficits in selective attention, which is often followed by thoughtless actions and 
disinhibition. Such impulsivity is assessed with the scale „Impulsivity and Disinhibition‟ and par-
ticularly focused on negative situations. The scale „Unrest and Hyperactivity‟ comprises the core 
symptoms of ADHD according to the ICD-10 and the DSM-IV-TR. Behaviour in stressful situa-
tions and coping with stress is evaluated with the scale „Stress-Tolerance‟. The degree of severity is 
considered clinically significant for t-scores above 70 (≤ 16th percentile). The administration time 
was on average 5 to 7 minutes. Internal consistency of the scales determined with the clinical 
sample ranges between α = .64 and α = .77. Re-Test reliability of the screening ranges between rtt = 
.82 and rtt = .94. 
Beck’s Depression Scale-II 
Post-stroke depressive symptoms were assessed with the Beck‟s Depression Scale in its se-
cond edition (BDI-II; Hautzinger, Kühner & Keller, 2006). On 21 four-choice items, participants 
responded by selecting an answer based on their emotional, vegetative or behavioral symptoms 
over the last two weeks. A total score of 63 could be achieved. Scores from 0 to 13 indicated a 
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„minimal depression‟, 14 to 19 a „mild depression‟, 20 to 28 a „moderate‟ and scores ranging from 29 
to 63 indicated a „severe depression‟. The duration of the rating scale was approximately 7 minutes. 
Test-retest reliability is rtt = .93, with internal consistency of α = .93. The BDI-II has been demon-
strated a suitable measure of depression in patients in neurorehabilitation settings and is suggested 
to provide a reasonable approximation of severity of depression (Siegert, Walkey  & Turner-
Stokes, 2009). The cut-off scores to determine a diagnosis of depression vary greatly across studies 
(≥ 10 to ≥ 19; see Hackett, Yapa, Parag & Anderson, 2005, for a review). Due to the screening 
character of the BDI-II and low specificity rates (Lincoln, Nicholl, Flannaghan, Leonard & Van der 
Gucht, 2003), the cut-off of the total BDI-II score to accept a PSD was set relatively high at ≥ 20. 
4.3 Data management and statistical analyses  
The information on data management and analyses in the first part of the following sec-
tion provides an outline of the statistical analyses used in the present research. Table 9 depicts an 
overview of the statistical methods employed in studies I, II, and III. For more detailed infor-
mation regarding statistics please refer to the attached studies in the Appendices B, C, and D. A 
second part outlines supplemental statistical analyses, which were not published in the studies but 
were nevertheless included in the present research in order to contribute to its understanding.  
In the first stage of data management, the data was entered into Excel spreadsheets and 
analysed in terms of frequencies and proportions in order to identify typing errors, which were 
consequently being cleaned. Following this, the data was entered into SPSS software 20.0 (SPSS 
Inc, 2011) and STATA for analyses, with a level of significance set at p < .05. Prior to all analyses, 
the suitability of statistical methods and their requirements were checked and the assumptions 
were confirmed. Variables that were not normally distributed were reanalysed with non-
parametric statistical methods (e.g. Kruskal-Wallis-Test). None of the statistics deviated strongly 
from non-parametric outcomes. Therefore, only parametric results were reported. Both the ADHD 
and the stroke sample were randomly matched to a control group according to age, gender, and 
education. Therefore, there were no differences between the groups on these demographic varia-
bles. Next to eta squared effect sizes (η²) (Bortz & Döring, 2006), additional effects were calculated 
and interpreted with Cohen‟s d formula (Cohen, J., 1988).   
  For an additional understanding of the present research, supplemental statistical analyses 
were performed, which were not included in the published studies These included the calculation 
of further descriptive statistics of the WAIS-IV. With respect to ADHD, MANOVA was conduct-
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ed to examine the effect of ADHD on the subtests LNS and CA. Additional Cohen‟s d effect sizes 
were calculated. Regarding the stroke sample, independent sample t-tests examined the differ-
ences between the GAI of patients with stroke and controls. Further analyses on the FSIQ – GAI 
discrepancy comparison between RHS and LHS patients were conducted. In addition, independent 
sample t-test investigating the difference between the GAI in RHS and LHS patients were per-
formed and two-paired sample t-tests examined the difference between the FSIQ and the GAI for 
the respective groups. Pearson‟s chi-square tests were conducted to examine whether the observed 
distribution in the FSIQ < GAI discrepancy in both groups fitted the expected distribution. To 
further investigate the effect of language impairment on WAIS-IV performance, an additional 
MANOVA was carried out. Given that language impairment was only present in LHS patients, the 
entire sample of stroke patients was subdivided into three groups: RHS, LHS without language 
deficits (LHS-), and LHS with language deficits (LHS+). Subsequent post-hoc analyses with Bonfer-
roni criterion of significance were performed to examine the difference between these groups. 
With respect to PSD, MANOVA examines the effect of PSD on WAIS-IV performance. Linear 
regression analyses were conducted to control for the variables side of stroke and the time be-
tween stroke onset and assessment. Possible interaction effects for side of stroke and PSD were 
examined. 
Table 9. Statistical analyses utilised in the present research 
 Analyses Description of statistical method and effects measured 
 Study I Pre-analysis  STATAa: Random Matching according to age, gender, and education 
 MANOVA: Main effect of gender, age, and education on WAIS-IVb sub-
tests and composite scores  
Main analysis  MANOVA: Main effect of groupc on WAIS-IVb subtests, process-, and 
composite scores 
 Effect size calculation (Cohen‟s d) 
 MANOVA: Main effect of medication and comorbidity on WAIS-IVb 
subtests, process-, and composite scores 
 Two-paired-samples t-test: FSIQd < GAIe discrepancy between groupc 
 Pearson‟s chi-square test: Distribution of FSIQd < GAIe discrepancy be-
tween ADHD and control 
 Study II Pre-analysis  STATAa: Random Matching according to age, gender, and education 
 MANOVA: Main effect of gender, age, and education on WAIS-IVb sub-
tests, process-, and composite scores 
 Independent-Sample t-test: Time since stroke between LHS and RHS 
 MANOVA: Effect of hemiparesis on WAIS-IVb subtests, process-, and 
composite scores 
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Table 9. (continued) 
 Main analysis  MANOVA: Main effect of groupse on WAIS-IVb subtests, process-, and 
composite scores 
 MANOVA: Main effect of side of strokef on WAIS-IV performance 
 Post Hoc Analyses with Bonferroni criterion for significance: Differences of 
aphasia1g, aphasia2h, no aphasia on WAIS-IVb subtests, process-, and com-
posite scores 
 Effect size calculation (Cohen‟s d) 
 MANCOVA: Main effect of side of strokef on WAIS-IV subtests, process-, 
and composite scores, including covariatesi 
 Study III  Pre-analysis  Expectation-Maximization algorithm for missing values  
 Pearson product-moment-correlation: Relationship between WAIS-IVb and 
ADHD-Ej scales  
Main analysis  Independent-Sample t-tests: Difference between impaired and non-
impaired adults with ADHD (ADHS-Ej) across WAIS-IVb composite 
scores and subtests 
 Stepwise regression analyses: Equationk;         ∑      
 
    
aSTATA; Data Analysis and Statistical Software, bWechsler Adult Intelligence Scale - Fourth Edition, cdefined 
as ADHD and control, dFull Scale Intelligence Quotient, eGeneral Ability Index, edefined as RHS and control; 
LHS and control, fLHS and RHS hemisphere stroke, gLHS patients with fluent speech, trouble word finding, 
speaking around words, hLHS patients with non-fluent communication due to impairment of spontaneous 
speech, utterances of words, iaphasic symptoms, neglect, and hemianopsia, jADHD Screening for Adults, 
k             denotes 5 ADHS-E scales: „Emotion and Affect‟, „Attentional Control‟, „Unrest and Hyperactivi-
ty‟, „Impulsivity and Disinhibition‟, „Stress-Tolerance‟. 
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5 Results 
 
The following section displays the main results of the present investigation based on the 
aims provided in the previous chapter (see section 3). For detailed statistical findings please refer 
to the Appendices B to D. Supplemental results, which were not published in the studies, are in-
cluded if they contribute to the further understanding of the present research aims. 
5.1 Cognitive profiles in adults with ADHD or stroke 
The current research demonstrates that the WAIS-IV characterizes adults with ADHD or 
stroke with distinguishable cognitive profiles. Together, these results provide important insights 
into the sensitivity of the WAIS-IV on different levels of analyses to discriminate between adults 
with ADHD and healthy individuals, as well as between patients with stroke and healthy individ-
uals. The following lines provide the most essential results of study I and II, separately for adults 
with ADHD or stroke patients.  
Neuropsychological functions on the WAIS-IV of adults with ADHD - difference to a matched 
control group (study I) 
Overall, the analyses reveal a significant decrement across many cognitive domains and 
global intellectual functioning in adults with ADHD compared to the matched control group. For 
the most part, composites and standard scores do not fall below the normative mean. On compo-
site level up to 28.4% and on subtest level up to 20.7% of the adults with a diagnosis of ADHD 
performed more than 1 SD below the population mean. Descriptive statistics, p-values, and effect 
sizes are portrayed in Table 10. The results indicate significant differences to controls on the com-
posite score level. The largest effects were found for the WMI (d = 0.64), the FSIQ (d = 0.60), and 
the PSI (d = .44). Figure 6 graphically displays the mean composite scores of adults with ADHD 
and matched controls along with the 95% confidence interval. Specifically sensitive to discrimi-
nate adults with ADHD and controls are subtests with working memory and processing speed 
demands. Here, the largest effects were found for subtests AR (d = 0.64), DS (d = 0.45), CD (d = 
0.41), and VP (d = 0.40). The average subtest scores of adults with ADHD and controls along with 
the 95% confidence interval are portrayed in Figure 7. Additionally, on process score level large 
effects were observed on DSB (d = 0.43) and DSF (d = 0.42).   
5 Results 
67 
 
FSIQ-GAI discrepancy comparison between adults with ADHD and a matched control group 
(study I) 
The results indicate a significant difference in the GAI between adults with ADHD and 
matched controls (d = 0.42), with 13.8% of the adults with ADHD performing more than 1 SD 
below the population mean (see Table 10). To evaluate whether the GAI serves as a more appro-
priate measure of overall intellectual ability than the FSIQ, discrepancy analyses between the two 
composites were performed. The findings demonstrate a significant difference between the GAI 
and the FSIQ (d = 0.37). In total, 58% of the adults with ADHD showed a pattern of FSIQ < GAI 
discrepancy, with 43% obtaining a significant discrepancy. The magnitude is relatively large (min 
= -1, max = -14). Even though not all adults with ADHD and their matched controls fulfilled the 
requirements for the GAI calculation (see section 4.2.1), the results provide some evidence for 
meaningful differences in significant GAI < FSIQ discrepancies between the groups. Upon exami-
nation of this data, it was verified how rare or common the adults‟ discrepancy was in the norma-
tive sample population. Thus, absolute values of the difference scores were determined by ability 
level. Here, the FSIQ < GAI pattern of 25% of the adults with ADHD was ranked below the 16th 
percentile and 19% ranked below the 10th percentile. There are significant differences at both per-
centile ranges between adults with ADHD and controls.  
Table 10. Cognitive profiles on the WAIS-IV of adults with ADHD  
Subtest/Process/ 
Composite scores 
n M  SD 
Confidence 
interval (95%) 
p d w % 1SDx 
VCIa 116 99.4 11.8 97.9 - 101.6 .044 0.27 13.8% 
 SIb 116   9.9   2.5   9.5 - 10.4 .076 0.23 10.3% 
VCc 116   9.7    2.5   9.3 - 10.2 .065 0.24 10.3% 
INd 116 10.1   2.6   9.6 - 10.6 .084 0.23 11.2% 
 PRIe 116 99.3 13.6 96.8 - 101.8 .002 0.41 17.2% 
 BDf 116 10.1   2.9   9.6 - 10.6 .029 0.29   9.5% 
MRg 116   9.9   2.5   9.5 - 10.4 .025 0.30 12.1% 
VPh 116   9.8   2.8   9.3 - 10.3 .002 0.40 15.5% 
 WMIi 116 93.9 14.3 91.3 - 69.5 .000 0.64 28.4% 
 DSj 116   8.9   2.7   8.4 - 9.4 .001 0.45 17.2% 
ARk 116   8.9   2.9   8.4 - 9.4 .000 0.64 20.7% 
LNSl 107   9.8   3.0   9.2 - 10.4 .097 0.23 10.1% 
 PSIm 116 98.3  10.7 96.4 - 100.3 .001 0.44   7.8% 
 SSn 116   9.8    2.2   9.4 - 10.2 .010 0.34   6.9% 
CDo 116   9.6    2.3   9.2 - 10.0 .002 0.41   6.9% 
CAp 107   9.5   2.6   9.0 - 10.0 .053 0.27 14.7% 
 FSIQq 116 97.2 11.9 95.0 - 99.4 .000 0.60 19.0% 
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Table 10. (continued) 
GAIr 116 98.9 11.9 96.7 - 101.1 .001 0.42 13.8% 
 BDNs 116 10.5   3.8   9.8 - 11.2 .777 0.04   7.8% 
DSFt 116   9.1   2.5   8.7 - 9.6 .001 0.42 16.4% 
DSBu 116   8.9   2.7   8.4 - 9.4 .001 0.44 18.1% 
DSSv 116   9.6   2.7   9.1 - 10.1 .022 0.30 12.9% 
 a Verbal Comprehension Index, bSimilarities, cVocabulary, dInformation, ePerceptual Reasoning Index, fBlock 
Design, gMatrix Reasoning, hVisual Puzzles, iWorking Memory Index, jDigit Span, kArithmetic, lLetter-
Number Sequencing, mProcessing Speed Index, nSymbol Search, oCoding, pCancellation, qFull Scale Intelligence 
Quotient; rGeneral Ability Index, sBlock Design No Time Bonus, tDigit Span Forward, uDigit Span Backward, 
vDigit Span Sequential, wCohen's d effect size, xFrequency of adults more than 1 standard deviation below the 
population mean.  
 
Figure 6. WAIS-IV composite scores of adults with ADHD and matched controls. 
Note. Error bars indicate 95% confidence intervals. FSIQ, Full Scale Intelligence Quotient; GAI, General 
Ability Index; PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; VCI, Verbal Comprehension 
Index; WAIS-IV, Wechsler Adult Intelligence Scale - Fourth Edition; WMI, Working Memory Index.  
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Figure 7. Selected WAIS-IV subtest scaled scores of adults with ADHD and matched controls.  
Note. Error bars indicate 95% confidence intervals. AR, Arithmetic; CD, Coding; DS, Digit Span; SS, Symbol 
Search; VP, Visual Puzzles; WAIS-IV, Wechsler Adult Intelligence Scale - Fourth Edition. 
Neuropsychological functions on the WAIS-IV of RHS patients - difference to a matched con-
trol group (study II) 
The analyses on patients with RHS reveal a significant decrement across all cognitive do-
mains and global intellectual functioning compared to the matched control group. On the compo-
site level, frequency statistics indicate that up to 74.1% of the patients perform more than 1 SD 
and 22.4% more than 2 SDs below the mean of the control group. On subtest level, this occurred 
for up to 62.1% (≥ 1 SD) and 17.2% (≥ 2 SD). Table 11 displays descriptive statistics, p-values, and 
effect sizes for these patients. Statistical analyses furthermore indicate significant differences to 
the control group on all composite scores, with the largest effects found for the FSIQ (d = 1.69), 
the GAI (t (114) = -8.40, p < .001, d = 1.56), the PRI (d = 1.64), and the PSI (d = 1.39). Figure 8 por-
trays the means of all composites along with the 95% confidence interval for RHS patients and 
controls. An evaluation of subtest differences between the groups indicates significant decrements 
on all subtests for RHS patients. The largest effects are observed for predominantly nonverbal sub-
tests; MR (d = 1.45), VP (d = 1.36), and SS (d = 1.23).  
Neuropsychological functions on the WAIS-IV of LHS patients - difference to a matched con-
trol group (study II) 
The analyses on patients with LHS indicate significant decrements across all cognitive do-
mains and global intellectual functioning compared to the matched control group. Frequency sta-
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tistics on composite scores reveal that up to 77.6% of the patients perform more than 1 SD below 
the population mean and up to 28.6% more than 2 SDs. Across the subtests, up to 69.4% of the 
LHS patients performed more than 1 SD and up to 20.4% more than 2 SDs below the normative 
sample. Descriptive statistics, p-values, and effect sizes for the patients are portrayed in Table 11. 
Differences to the controls additionally reveal significant effects across all composite scores, with 
the largest effects occurring for the VCI (d = 1.15), the FSIQ (d = 1.12), and the PSI (d = 1.08). The 
GAI differed significantly between patients and controls (t (96) = -4.99, p < . 001, d = 1.01). In Fig-
ure 8, the composition of these scores is displayed along with the 95% confidence interval. Across 
all subtests, with the exception of subtest PC (p = .122), the LHS patients perform significantly 
worse than matched controls. The largest effects occurred primarily on subtests with verbal and 
processing speed demands; SI (d = 1.39), CD (d = 1.14), VC (d = 1.01). On process score level effect 
sizes occurred up to d = 1.09 for DSF. 
Neuropsychological functions on the WAIS-IV - difference between RHS and LHS patients 
(study II) 
Further statistical analyses have been performed on subgroup-specific effects on the 
WAIS-IV. Here, performances of RHS and LHS patients were compared to evaluate the WAIS-IV 
sensitivity to hemispheric dysfunction. For statistical details please refer to Appendix B. The re-
sults indicate a significantly lower PRI (d = 0.48) after RHS and lower performances on the sub-
tests with visuo-spatial demands in RHS patients compared to LHS; MR (d = 0.51) and PC (d = 
0.42) (see Figure 9). These subtests seem most challenging and specifically sensitive for patients 
with RHS. In addition, significantly lower performance was found in LHS patients primarily for 
subtests with verbal demands; SI (d = 0.47) (see Figure 9). Process scaled score DSF (d = 0.22) was 
found significantly decremented in patients with LHS. No significance but a tendency of overall 
disadvantage was found for patients with LHS on the VCI and the WMI and related subtests.  
FSIQ-GAI discrepancy comparison between RHS and LHS patients (no included in study II) 
The GAI for LHS and RHS patients was calculated (see Table 11). By reducing the FSIQ by 
working memory and processing speed abilities, the estimate of the GAI resulted in a mean of 79.4 
(SD = 9.9) in RHS patients and a mean of 80.0 (SD = 12.1) in LHS patients, with no significant dif-
ference between them (t (105) = -.293, p > .05). Paired-two-sample t-tests indicate significant dif-
ferences between the FSIQ and the GAI in RHS patients (t (58) = 3.06, p < .01) and in LHS patients 
(t (49) = 3.63, p < .001). In order to determine the significance of the FSIQ < GAI discrepancy pat-
tern in these groups, the significant value at the .15 level was utilised. Altogether, 79% of the RHS 
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patients show a pattern of FSIQ < GAI performance, with 55.2% obtaining a significant discrepan-
cy. The magnitude of the FSIQ < GAI was large (min. -1, max. -10). In contrast, 76% LHS patients 
show a pattern of FSIQ < GAI performance, with 61% obtaining a significant discrepancy. Here, 
the magnitude was again quite large (min. -1, max. -8). There are no statistically meaningful dif-
ferences between significant FSIQ < GAI discrepancies of RHS and LHS patients. By determining 
how rare or common the difference score is relative to the normative sample (by the ability level), 
the results demonstrate a FSIQ < GAI pattern in 17% of RHS patients below the 16th percentile 
and 10% below the 10th. In contrast, 29% of the LHS patients showed this pattern below the 16th 
percentile and 22% below the 10th. There were no significant differences at both percentile ranges 
between the groups (16th; χ2 (1, 83) = 2.59, p < .05; 10th; χ2 (1, 83) = 3.51, p < .05). 
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Table 11. Cognitive profiles on the WAIS-IV of stroke patients 
 
Right stroke patients (n = 58) Left stroke patients (n = 49) 
Subtest/Process/ 
Composite scores 
M (SD) 
Confidence 
interval 
(95%) 
p d t % 1SDu % 2SDv M (SD) 
Confidence 
interval 
(95%) 
p d t % 1SDu % 2SDv 
 VCIa 82.2 (13.0) 78.9 - 85.6 >.001 1.16 56.9% 17.2% 78.3 (12.4) 74.8 - 81.8 >.001 1.15 77.6% 22.4% 
 SIb   6.7 (2.7)   6.0 - 7.4 >.001 0.97 51.7% 12.1%    5.5 (2.1)   4.9 - 6.1 >.001 1.39 69.4% 12.2% 
VCc   6.4 (2.7)   5.7 - 7.1 >.001 1.13 50.0% 17.2%    5.9 (2.7)   5.1 - 6.7 >.001 1.01 69.4% 16.3% 
INd   7.4 (2.9)   6.7 - 8.2 >.001 0.90 44.8%    5.2%    6.9 (2.8)   6.1 - 7.7 >.001 0.79 57.1%    6.1% 
 PRIe 80.2 (9.4) 77.8 - 82.6 >.001 1.64 63.8% 17.2% 85.8 (13.6) 82.0 - 89.6 >.001 0.69 49.0% 12.2% 
 MRf   6.3 (1.6)   5.9 - 6.7 >.001 1.45 62.1%    1.7%    7.4 (2.6)   6.7 - 8.1   .003 0.63 42.9%    4.1% 
VPg   7.0 (1.8)   6.5 - 7.5 >.001 1.36 44.8%    0.0%    7.4 (2.4)   6.7 - 8.1 >.001 0.88 32.7%    6.1% 
PCh   7.0 (2.6)   6.3 - 7.7 >.001 0.80 41.4%    8.6%    8.2 (3.0)   7.4 - 9.0   .122 0.32 32.7%    6.1% 
 WMIi 85.3 (14.2) 81.7 - 89.0 >.001 1.06 46.6% 19.0% 81.7 (15.8) 77.3 - 86.1 >.001 0.94 61.2% 28.6% 
 DSj   7.3 (2.9)   6.6 - 8.1 >.001 0.96 39.7% 13.8%    6.7 (3.2)   5.8 - 7.6 >.001 0.85 55.1% 18.4% 
ARk   7.5 (2.5)   6.9 - 8.1 >.001 0.99 37.9%    1.7%    7.0 (2.8)   6.2 - 7.8 >.001 0.84 49.0%    6.1% 
 PSIl 78.8 (11.1) 75.9 - 81.7 >.001 1.39 72.4% 15.5% 79.7 (13.9) 75.8 - 83.6 >.001 1.08 73.5% 22.4% 
 SSm   6.2 (2.4)   5.6 - 6.8 >.001 1.23 62.1% 12.1%    6.8 (2.7)   6.0 - 7.6 >.001 0.87 44.9% 14.3% 
CDn   5.9 (2.3)   5.3 - 6.5 >.001 1.17 62.1% 12.1%    5.8 (2.6)   5.1 - 6.5 >.001 1.14 69.4% 20.4% 
 FSIQo 77.8 (10.7) 75.1 - 80.6 >.001 1.69 74.1% 22.4% 77.8 (13.3) 74.1 - 81.5 >.001 1.12 73.5% 26.5% 
GAIp 79.4 (9.9) 76.9 - 82.0 >.001 1.56 69.0% 15.5% 80.0 (12.1) 76.6 - 83.4 >.001 1.01 71.4% 10.2% 
 DSFq   7.9 (2.7)   7.2 - 8.6 >.001 0.84 36.2%    5.2%    6.8 (2.8)   6.0 - 7.6 >.001 1.09 38.8% 14.3% 
DSBr   7.3 (2.9)   6.6 - 8.1 >.001 0.94 43.1% 10.3%    7.4 (3.2)   6.5 - 8.3   .009 0.54 38.8%    8.2% 
DSSs   8.4 (3.2)   7.6 - 9.2   .002 0.59 29.3%    3.4%    7.7 (3.1)   6.8 - 8.6   .005 0.58 40.8%    6.1% 
 aVerbal Comprehension Index, bSimilarities, cVocabulary, dInformation, ePerceptual Reasoning Index, fMatrix Reasoning,; gVisual Puzzles, hPicture Completion, iWorking 
Memory Index, jDigit Span, kArithmetic, lProcessing Speed Index, mSymbol Search, nCoding, oFull Scale Intelligence Quotient, pGeneral Ability Index, qDigit Span Forward, 
rDigit Span Backward, sDigit Span Sequential, tCohen's d effect size, ufrequency of adults more than 1 standard deviation below the population mean, vfrequency of patients 
more than 2 standard deviations below the population mean. 
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Figure 8. WAIS-IV composite scores of patients with right hemisphere stroke and left hemisphere stroke 
with individually matched controls. 
Note. Error bars indicate 95% confidence intervals. FSIQ, Full Scale Intelligence Quotient; GAI, General 
Ability Index; PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; VCI, Verbal Comprehension 
Index; WAIS-IV, Wechsler Adult Intelligence Scale - Fourth Edition; WMI, Working Memory Index. 
 
 
 
Figure 9. Selected WAIS-IV subtest scaled scores of patients with right hemisphere stroke and left hemi-
sphere stroke 
Note. Error bars indicate 95% confidence intervals. MR, Matrix Reasoning; PC, Picture Completion; SI, 
Similarities; WAIS-IV, Wechsler Adult Intelligence Scale - Fourth Edition. 
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5.2 Additional influences of confounding variables 
Several variables that possibly impact intellectual and cognitive performance of the WAIS-
IV were considered in the ADHD and the stroke sample. The following section provides the most 
essential results of the present research.  
The effect of comorbidity and medication at the time of assessment on WAIS-IV performance 
in adults with ADHD (study I) 
Adults with ADHD differ significantly from the matched control group in diverse cogni-
tive and global intellectual functioning. Within the ADHD group comorbidities and medication at 
the time of assessment had no significant effect on WAIS-IV performance. As no significant part 
of these deficits can be explained by other psychiatric disorders or by mediation intake, the differ-
ences between adults with ADHD and matched controls are robust with respect to these variables.  
The contribution of language deficits, neglect, and hemianopsia on WAIS-IV performance in 
patients with stroke (study II) 
Statistical analyses on language deficits in LHS patients indicate a negative contribution of 
these deficits on subtests requiring verbal skills, working memory, and processing speed function-
ing. As indicated by post-hoc analyses, performances of LHS patients with good comprehension 
abilities but non-fluent communication are significantly different from those LHS patients with no 
language deficits in the composites WMI and FSIQ, as well as in the subtests VC, AR, and VP. 
Similarly, there are no differences to those LHS patients with trouble of word finding. This implies 
that that language deficits in LHS patients, particularly those of „non-fluent communication‟ (e.g. 
impairment of spontaneous speech, utterances of words) may have an impact on performance on 
these composites and subtests. Further adjustment for language deficits in analyses comparing RHS 
and LHS patients on WAIS-IV performance gives some confidence to these conclusions. Moreo-
ver, adjustment for neglect and hemianopsia in the analyses reduces some error variance on sub-
tests with language, working memory, visuo-spatial, visuo-analytic, and processing speed demands 
(DS, VC, AR, SS, CD). These results indicate that the negative contribution of RHS on visuo-
spatial and processing speed subtests increased after adjustment.  
The difference between stroke patients with language deficits and without (not included in 
study II) 
To further investigate the contribution of language impairment on WAIS-IV subtest performanc-
es, the effect of stroke (RHS, LHS-, LHS+) on WAIS-IV subtest performance was examined using 
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MANOVA. Results confirm a main effect of stroke, Wilks‟s λ = .614, F (20, 190) = 2.26, p < .001. 
Further univariate F statistics reveal significant effects on SI F (2, 104) = 3.18, p < .05, DS F (2, 104) 
= 3.21, p < .01, MR F (2, 104) = 6.75, p < .01, VC F (2, 104) = 3.77, p < .05, AR F (2, 014) = 5.22, p < 
.01, and SS F (2, 104) = 4.01, p < .05. In order to examine the difference between RHS, LHS-, and 
LHS+ stroke on subtest performance, additional post-hoc analyses with Bonferroni criterion of 
significance were performed. Results indicate significant differences between RHS and LHS+ stroke 
patients on subtests SI (Δ 1.36, p < .05), AR (Δ 1.47, p < .05), between RHS and LHS- on MT (Δ -
1.97, p < .001) and SS (Δ -1.66, p < .05), as well as between LHS- and LHS+ on MR (Δ 1.51, p < .05), 
VC (Δ 2.03, p < .05), AR (Δ 2.28, p < .01), and SS (Δ 1.87, p < .05). 
The contribution of PSD on WAIS-IV performance in patients with stroke (not included in 
study II) 
Further supplemental analyses were performed in order to examine the effect of PSD on 
WAIS-IV performance in stroke patients. Descriptive statistics show that n = 21 RHS patients and 
n = 17 LHS patients have a PSD. Of all patients with a diagnosis of PSD, 66% (n = 25) had their 
first-ever stroke onset 2 to 6 weeks before the assessment, 13% (n = 5) 18 to 31 weeks, and 21% (n 
= 8) of the patients were assessed ≥ 1 year post-stroke. MANOVA reveals that there was no main 
effect of PSD on WAIS-IV subtests and composite scores (Wilk‟s λ = .823, F (16, 90) = 1.14, p > 
.05). Additional F-tests in the univariate analyses show significant differences between stroke pa-
tients with PSD and those without, indicating a decrement on MR (F (1, 105) = 3.99, p < .05), SS (F 
(1,105) = 3.98, p < .05), VP (F (1, 105) = 6.96, p < .01), and PRI (F (1, 105) = 7.20, p < .01) for pa-
tients with PSD. Figure 10 portrays these selected WAIS-IV subtest scaled scores of stroke patients 
with PSD and those without. Further linear regression analyses the effect of PSD, controlled for 
the side of stroke as well as for the time between stroke onset and assessment on WAIS-IV per-
formance (see Table 12). The analyses indicated no difference in the effect of PSD (all p‟s > .05). 
Moreover, no interaction effects between side of stroke and PSD were found (see Table 13).  
Table 12. The effect of PSD adjusted for side of stroke and time since stroke on each WAIS-IV subtest 
scaled and composite scores 
 Subtest/ 
Composite scores 
PSDq   PSD sider   PSD times   
β (SE) p β (SE) p β (SE) p 
VCIa   0.87 (2.60) .738   0.94 (2.58) .718   0.96 (2.62) .713 
SIb -0.05 (.51) .916 -0.04 (.49) .944 -0.06 (.51) .910 
VCc   0.44 (.56) .437   0.44 (.56) .429   0.45 (.56) .420 
INd -0.07 (.57) .906 -0.06 (.58) .918 -0.37 (.58) .949 
PRIe   6.22 (2.31) .008   6.13 (2.26) .008   6.09 (2.34) .010 
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Table 12. (continued) 
MRf   0.87 (.43) .048   0.85 (.42) .046   0.86 (.44) .051 
VPg   1.09 (.41) .009   1.09 (.41) .010   1.07 (.42) .011 
PCh   0.98 (.58) .093   0.96 (.57) .094   0.93 (.58) .109 
WMIi   3.24 (3.02) .285   3.30 (3.02) .276   2.94 (3.01) .330 
DSj   0.56 (.61) .363   0.57 (.61) .354   0.48 (.61) .427 
ARk   0.61 (.54) .259   0.62 (.54) .252   0.58 (.54) .285 
PSIl   4.00 (2.49) .112   3.99 (2.51) .114   3.87 (2.51) .125 
SSm   1.01 (.51) .048   1.00 (.51) .050   0.99 (.51) .055 
CDn   0.45 (.49) .366   0.45 (.49) .364   0.43 (.49) .394 
FSIQo   4.10 (2.38) .088   4.10 (2.39) .089   3.98 (2.39) .098 
GAIp   3.34 (2.19) .130   3.33 (2.21) .134   3.31 (2.21) .137 
aVerbal Comprehension Index, bSimilarities, cVocabulary, dInformation, ePerceptual Reasoning Index, 
fMatrix Reasoning,; gVisual Puzzles, hPicture Completion, iWorking Memory Index, jDigit Span, kArithme-
tic, lProcessing Speed Index, mSymbol Search, nCoding, oFull Scale Intelligence Quotient, pGeneral Ability 
Index, qPost-Stroke Depression, rside of stroke, stime between stroke onset and assessment. 
 
Table 13. Interaction between PSD and side of stroke on each WAIS-IV subtest scaled and composite scores 
 Subtest/ 
Composite scores 
PSDq   Sider 
 
PSDq*Sider 
 
 
β (SE) p β (SE) p β (SE) p 
VCIa   4.64 (3.82) .228    8.28 (4.16) .049  -6.78 (5.17) .193 
SIb   0.54 (0.74) .463   1.82 (0.80) .025 -1.06 (0.99) .291 
VCc   1.10 (0.83) .186    1.25(0.90) .168   -1.21 (1.12) .284 
INd   0.77 (0.85) .371     1.50 (0.93) .110   -1.52 (1.16) .193 
PRIe 10.05 (3.34) .003  -0.85 (3.62) .814 -7.16 (4.51) .116 
MRf   1.35 (0.63) .034 -0.48 (0.68) .481 -0.91 (0.85) .288 
VPg   1.67 (0.61) .007    0.32 (0.67) .627    -1.07 (0.83) .196 
PCh   1.97 (0.84) .021    0.01 (0.91) .990    -1.83 (1.13) .108 
WMIi   7.64 (4.46) .090    8.77 (4.85) .074   -7.92 (6.03) .192 
DSj   1.36 (0.91) .137   1.62 (0.99) .104   -1.44 (1.23) .242 
ARk   1.35 (0.79) .094     1.41 (0.87) .109   -1.33 (1.08) .219 
PSIl   7.22 (3.72) .055   3.01 (4.04) .458  -5.89 (5.03) .243 
SSm   1.58 (0.75) .039    0.14 (0.82) .865   -1.05 (1.02) .304 
CDn   0.98 (0.74) .190    0.83 (0.80) .302    -0.96 (1.00) .342 
FSIQo   8.39 (3.52) .019   5.13 (3.83) .183  -7.85 (4.77) .102 
GAIp   7.33 (3.25) .026   4.15 (3.53) .243 -7.30 (4.39) .099 
aVerbal Comprehension Index, bSimilarities, cVocabulary, dInformation, ePerceptual Reasoning Index, 
fMatrix Reasoning,; gVisual Puzzles, hPicture Completion, iWorking Memory Index, jDigit Span, kArithme-
tic, lProcessing Speed Index, mSymbol Search, nCoding, oFull Scale Intelligence Quotient, pGeneral Ability 
Index, qPost-Stroke Depression, rside of stroke. 
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Figure 10. Selected WAIS-IV subtest scaled scores of stroke patients with Post-Stroke Depression and those 
without.  
Note. Error bars indicate 95% confidence intervals. MR, Matrix Reasoning; SI, Similarities; SS, Symbol 
Search; VP, Visual Puzzles; WAIS-IV, Wechsler Adult Intelligence Scale - Fourth Edition. 
5.3 The status of self-evaluation in the assessment of ADHD in 
adults 
The status of self-evaluation in the assessment of adults with ADHD was addressed by ex-
amining the relationship between cognitive functions and self-reported symptoms in a sample of 
adults with ADHD. The following lines provide the most essential results of study III. For detailed 
statistical results please refer to the Appendix D.  
The relationship between self-reported symptoms and WAIS-IV performance (study III) 
The statistical analyses demonstrate that the association between self-reported ADHD 
symptoms and WAIS-IV performance is limited. Only few significant correlations can demon-
strate some kind of relationship. Further statistics reveal that, based on self-reported ADHD symp-
toms, impaired and non-impaired adults with ADHD do not differ in WAIS-IV performance. 
However, it is noteworthy that there is a tendency of those patients evaluating their symptoms as 
particularly severe to perform better in WAIS-IV subtests compared to those reporting less severe 
symptoms. The missing relationship is supported by further analyses to predict WAIS-IV perfor-
mance in the form of composite scores with self-reported symptoms. Here, only symptoms of the 
scale „Emotion and Affect‟ as well as „Stress-Tolerance‟ can be considered as significant predictors, 
especially for the composite PRI and the FSIQ. Thus, the results of this study go some way to con-
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clude that the status of self-evaluation of adults with ADHD is somewhat questionable due to a 
missing link between objectively measured impairment and that which is self-rated. 
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6 Discussion 
 
Based on the information gained by the literature review, neuropsychological functioning 
in adults with ADHD or stroke is often neglected in clinical practice and current research is lim-
ited and inconsistent. Nevertheless, it is of great importance to study the deficits in each of these 
groups and the related clinical aspects that may function as confounding factors. This is of high 
relevance particularly against the backdrop that neuropsychological impairment serves specific 
purposes for diagnostic decision making and treatment in both groups. Therefore, the investiga-
tion aimed to examine the neuropsychology of adults with ADHD and first-ever unilateral, is-
chemic stroke patients in rehabilitation, in comparison to healthy individuals. The aim was to 
generate cognitive profiles with the WAIS-IV and determine whether intellectual and cognitive 
functioning vary as a function of clinical characteristics in these groups. Moreover, the current 
investigation aimed to examine the status of self-evaluation in adults with ADHD with the pur-
pose to address the issue of diagnostic accuracy. Clinical practice may benefit from integrating the 
newly acquired knowledge of the current investigation. Adding to the existing literature of man-
agement and care, this section will highlight the important clinical aspects the present research 
has raised. The following is devoted to address the application of the WAIS-IV in adults with 
ADHD or stroke, illustrating in detail specific clinical implications and conclusions that can be 
drawn from the results. Moreover, directions for future research and clinical practice will be ad-
dressed as well as general limitations.    
6.1 ADHD in adulthood 
This section discusses the implication of the WAIS-IV in adults with ADHD by pointing 
out the most central results of the current investigation and their importance for clinical care. 
Subsequently, it is outlined how to increase the neuropsychological interpretation of the WAIS-IV 
in order to provide more accurate cognitive profiles of adults with ADHD. Moreover, the role of 
neuropsychological assessments in the diagnostic process and therapy is discussed. Specific short-
comings will be addressed, important issues of neuropsychological performance to diagnosis and 
treatment are discussed, and directions for future research and practice are denoted.  
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Implications of the WAIS-IV in adults with ADHD 
In line with prior research (see section 2.1.2), the current findings illustrate heterogeneous 
WAIS-IV profiles. Statistically meaningful patterns in adults with ADHD on the level of compo-
sites, with compromised scores compared to the control group, could be demonstrated. More spe-
cifically, relatively low scores on the WMI, PSI, and FSIQ could be identified as being somewhat 
characterizing for their cognitive profile. In order to enrich the quality and breadth of the inter-
pretation of the WAIS-IV for adults with ADHD in clinical practice, these composites with re-
spect to their corresponding subtests are given further notice.  
Working memory 
Adults with ADHD are identified with a statistically lower WMI compared to the control 
sample. In accordance with the results, this reflects difficulties in verbal short-term memory 
(DSF), verbal working memory (DSB, DSS, AR), and fluid reasoning (AR). These findings are con-
gruent to other studies (see section 2.1.2) and suggest that the WAIS-IV can in fact serve as a 
measure to provide broad information about strengths and weaknesses in verbal working memory 
functions in adults with ADHD. This corroboration furthermore strengthens the following con-
clusive implications for clinical care. In practice, clinicians can use the information of a lower 
WMI and corresponding subtest pattern to infer to considerable impairment in real-life situations. 
For example, occupational difficulties can be parallel with these deficits to explain mental fatigue, 
stress or making more errors. This information provides a first indication for the nature of behav-
ioural symptoms causing impairment in occupational settings, such as increased time to process 
and recall information, to keep in mind information and meetings, or to sustain and shift attention 
(Weiss, L. G., Saklofske, Coalson & Raiford, 2010). Information of working memory deficits may 
not only be taken as an indication of behavioural daily-life impairment but as a basis for treat-
ment. It can specifically be used to plan therapeutic sessions with the aim to strengthen the core 
functions of working memory and related abilities (e.g. attention). With intensive memory train-
ings, both the symptoms and the underlying neuropsychology of the adults could be targeted. 
Trainings on working memory abilities have been found to alleviate attention deficits and reduce 
symptoms in children and college students with ADHD (Beck, Hanson, Puffenberger, Benninger 
& Benniger, 2010; Gropper, Gotlieb, Kronitz & Tannock, 2014; Klingberg, Forssberg & 
Westerberg, 2002), with effects of increased performance on working memory tasks up to several 
months after training (e.g. Holmes, Gathercole & Dunning, 2009). Promising results on the effica-
cy of these trainings have also been reported in adults with ADHD from neuroimaging studies 
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(Olesen, Westerberg & Klingberg, 2004). The results support a neural adaptation associated with 
the cognitive training and suggest that trainings can directly affect the neural systems underlying 
working memory abilities. This means that they can change the dopamine functioning in individ-
uals with ADHD, which may lead to a persistent improvement in behavioral and cognitive deficits 
since dopamine is involved in learning (see Rutledge, van den Bos, McClure & Schweitzer, 2012, 
for a review).   
  Given that adults with ADHD may be deficient in other working memory constructs as 
well, one source of weakness of the WAIS-IV is that it involves only measures for verbal working 
memory. Thus, further notice, if necessary, should also be given to visual working memory, for 
example. By viewing the present status of research in adult ADHD, however, scarce evidence has 
been found on deficient performance in memory tasks involving visual material (see Skodzik et al., 
2013, for a review). The data points more strongly towards encoding deficits of verbal material and 
a disruption of the phonological loop (see Hervey et al., 2004, for a review). Therefore, verbal 
working memory deficits found in the WAIS-IV may be used as a fundamental basis for neuropsy-
chological functioning, though clinicians are still advised to apply further neuropsychological 
evaluation. This is also because verbal working memory is closely interrelated and theoretically 
overlapping with other higher-order functioning, such as attention and executive functions. 
Therefore, these abilities should receive a more thorough focus.  
Processing speed 
  The current research further demonstrates differences between adults with ADHD and the 
controls on the PSI and relating processing speed subtests (CD, SS). This indicates impairment in 
the functions necessary for successful performance in these tasks, including visuo-motor pro-
cessing speed, cognitive flexibility, and attention. A pattern like this should gain specific notice as 
prior studies examining the same construct demonstrate similar results (see section 2.1.2). In set-
tings of clinical care this information may be of particular importance. A PSI pattern to the one 
found in the present investigation may imply impairments in processing information efficiently 
(e.g. comprehend and integrate information). This can be proven useful in helping to understand 
the nature of behavioural problems in adults with ADHD. As such, symptoms of mental fatigue, 
increased errors (Barrilleaux & Advokat, 2009; Kooij et al., 2010), and the tendency to invest less 
effort (Wiersema, van der Meere, Antrop & Roeyers, 2006) may be related to deficient processing 
speed abilities. By paralleling such behavioural consequences with a subtest pattern of the PSI, the 
clinician might be able to unravel that an extra causal force of this outcome may in fact be the 
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additional cognitive effort adults‟ invest to keep up and compensate for lower processing speed 
abilities. By having gained this insight, the clinician can help the adult to be aware of the impact 
of these underlying causes on behavioural outcomes and target specific treatment programs to 
improve the deficits. Furthermore, it is important to consider the wide-ranging adverse effects of 
processing speed on other cognitive functions (e.g. working memory, executive functions) and 
thus on areas of daily-life (Weiss, L. G. et al., 2010). Considering the long-lasting and severe impli-
cations of processing speed deficits for adults with ADHD, detections of these deficits should ob-
tain high priority. Hence, clinicians are encouraged to administer the PSI subtests in order to 
gauge a first comprehensive picture of strengths and weaknesses regarding processing speed func-
tions. Moreover, it is suggested to corroborate and complement the results with clinically relevant 
behavioural problems and a more detailed neuropsychological evaluation on working memory and 
executive functions.  
General intelligence 
The medium effects of adult ADHD on the FSIQ found in the present research are largely 
in accordance with earlier studies demonstrating attenuated scores in general intelligence (see 
section 2.1.2 and Bridgett & Walker, 2006, for a review). Supported by the general underachieve-
ment of adults with ADHD in daily-life (Kooij, 2013), the determination of the FSIQ in clinical 
practice continues to be important for several reasons.  
Based on the finding that intelligence seems to be a strong predictor for occupational suc-
cess and achievement (Gottfredson, 1997; Kuncel, Hezlett & Ones, 2004), the FSIQ can provide an 
indication for an overall functional potential in adults with ADHD in clinical practice. Thus, one 
reason to the importance of the FSIQ is that it can be used to better apprehend deficits in adults 
with ADHD. Another reason is that it can serve as a foundation for general cognitive functioning 
from which other and more specific cognitive abilities can be compared. That means, a lowered 
neuropsychological test performance could be attributed to compromised intellectual functions 
(see Bridgett & Walker, 2006, for a review). Furthermore, it has been argued that the FSIQ can 
offer an index for compensation (Kooij, 2013). As such, adults with a high FSIQ would have a gen-
eral advantage in daily-life compared to those with a low IQ. This would suggest that especially 
those with lower intelligence scores are in the need of increased support and therapy. Although 
this seems like an ensuring argument, earlier findings show that above average intelligence in 
adults with ADHD does not prevent dysfunctioning (e.g. sustained attention, mental fatigue, more 
accidents, lower quality of life; Antshel et al., 2008).  
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Despite the benefits that can be drawn from the FSIQ for clinical practice, it has been as-
serted that the FSIQ can become invalid if there is too much subtest scatter among the indices 
(Lichtenberger & Kaufman, 2009c). The present investigation provides two reasons to belief that 
caution should be warranted in the interpretation of the FSIQ in adults with ADHD. First, their 
cognitive profiles were found largely heterogonous and characterised by discrepancies across the 
indices. Second, the WMI and the PSI were significantly impaired to those of controls. Due to a 
too large amount of subtest scatter and because the FSIQ heavily relies on working memory and 
processing speed abilities, both reasons provide an indication for the argument that the FSIQ may 
in fact be unreliable in adult ADHD. Especially with the application of the WAIS-IV, the latter is 
essential to keep in mind since the test structure fundamentally shifted the components of the full 
scale, with more notions of the WMI and the PSI (Wechsler, 2009a). Given that these indices are 
in particular negatively affected by core symptoms of ADHD in adulthood the corresponding sub-
tests are often marked by increased errors and omissions. Thus, adults with ADHD can be disad-
vantaged on these subtests and their performance may not reflect their true deficits. Prior research 
supports this phenomenon by concluding that performance increases when ADHD symptoms 
remit. This suggests that these symptoms can undermine global intellectual performance and may 
hide true capabilities (Goodwin et al., 2011). Considering this, it is important to interpret the 
WAIS-IV global intellectual functioning with respect to behavioural correlates of ADHD. That is, 
to evaluate whether lower performance is an artefact from this behaviour or are in fact due to 
deficits in neuropsychological functions.   
  One way to do this is to use an alternative measure calculated without working memory 
and processing speed abilities. The WAIS-IV offers such an approach by means of the GAI. Anal-
yses of the present investigation indicate that underlying memory and processing speed deficits 
may have produced the significant and uncommonly large variabilities among the four indices. An 
implication of this is that a meaningful interpretation of the FSIQ cannot be guaranteed and the 
GAI may be regarded as a supplementary composite for the overall functioning of adults with 
ADHD as it provides a more realistic view on the adults‟ degree of capability. This can be of great 
assistance in practice because it provides the clinician with information to what extent deficits in 
working memory and processing speed impair global intellectual functioning and thereby new 
learning, achievement, and functional potential. Moreover, the discrepancy between the FSIQ and 
the GAI can be used to establish information regarding whether the adult with ADHD is similar to 
individuals with the same or other conditions with comparable symptomatology. It should not be 
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used to establish a diagnosis or to differentiate between patients but more as a source of neuropsy-
chological interpretation to target strength and weaknesses during therapeutic intervention 
(Lichtenberger & Kaufman, 2009a).   
  In general, clinicians need to be aware that the GAI does not replace the FSIQ and is not a 
more valid estimate of global intellectual functioning (Loring & Bauer, 2010). Rather, it functions 
as a supplementary composite, which can omit ADHD related neuropsychological deficits and 
symptoms compromising overall functioning. In clinical decision making, it should be kept in 
mind that deficits in working memory and processing speed functions should not be neglected. 
They are essential abilities accounting for overall cognitive functioning. Neglecting them nonethe-
less would lead to unrealistic outcomes and at worst to inadequate achievement expectation and 
incorrect clinical decision making (Weiss, L. G. et al., 2010). Similar conclusion can be drawn if 
neuropsychological performance is not interpreted within the context of confounding factors. 
Results of the current investigation concerning comorbidity and stimulants are denoted in the 
following part. 
Confounding factors 
Issues in the interpretation of WAIS-IV emerge by considering variables that influence 
neuropsychological performance. One problem concerns the elevated rates of comorbid psychiat-
ric conditions and another denotes the influence of stimulants or other psychopharmacological 
medication on performance. There is much discussion in the literature whether neuropsychologi-
cal deficits are due to ADHD or are in fact an artefact of comorbidity (Faraone et al., 2000; 
Marchetta, Hurks, De Sonneville, et al., 2008; Marchetta, Hurks, Krabbendam, et al., 2008; 
Seidman, 2006; Silva et al., 2013). Others discuss the positive or even negative influence of stimu-
lants (see section 2.1.2; Advokat, 2010; Müller et al., 2007; Turner et al., 2005). In this regard, the 
present investigation provides statistical data indicating that neither comorbidity nor medication 
explain the deficits found in adults with ADHD on the WAIS-IV. It can be suggested that the dif-
ferences between adults with ADHD and controls are robust with respect to these variables. De-
spite the absence of statistically meaningful effects and due to the pronounced inconsistency in 
the literature, clinicians are advised to comprehensively evaluate comorbidity in order to consider 
the increased heterogeneity of symptoms. The same applies for medication. For a more accurate 
interpretation of the WAIS-IV in clinical practice, the following section discusses how the results 
can be interpreted on a neuropsychological level.  
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Interpretation of the WAIS-IV on a neuropsychological level 
Not only on a cognitive psychological, but also on a neuropsychological level, does the 
WAIS-IV offer essential information to clinical care in adults with ADHD. The key for a neuro-
psychological interpretation of the results is the combination of indices and individual subtest 
scores, if necessary also task items and behavioural observations during test administration. To-
gether these sources of information enable a more accurate interpretation of strength and weak-
nesses.  
  Considering the WAIS-IV‟s multi-factorial and dynamic nature, a neuropsychological in-
terpretation of the performance can be enhanced. The multi-factorial basis refers to the interact-
ing and complex cognitive traits14 needed for an effective subtest performance. In order to more 
narrowly define strengths and weaknesses in adults with ADHD the level of interpretation of the 
clinician should therefore be on subtest scaled scores. Limiting the interpretation to the composite 
scores alone may be insufficient because selective defects in specific subtests may be obscured. The 
reason for this is that the composites are unitary in nature and may therefore not be an adequate 
representation of the complex, multiple cognitive constructs that are required for successful sub-
test performance. This limitation becomes especially apparent when the subtests significantly dif-
fer from each other (McCloskey, Hartz & Scipioni, 2009).   
  Moreover, additional sources of the WAIS-IV can be utilised to increase a neuropsycho-
logical interpretation in adults with ADHD. These include, behavioural observations, subtest an-
swering patterns (e.g. omissions), and the overall performance throughout testing (e.g. successive 
decrease indicative of deficits in sustained attention). Such qualitative information increases the 
likelihood to reliably detect variations in performance, thus indicting which abilities should be 
evaluated in a more specific neuropsychological follow-up testing. As such, particularly rare or 
unusual behaviour should be documented and emphasis should be given to variations during sub-
tests with demands on different modalities.   
  Furthermore, as ADHD in adults is marked by heterogeneous symptoms, deficits may be 
demonstrated on one cognitive domain by means of a single test, but not in another by means of 
another single test. For that reason, the application of a combination of tests measuring many cog-
nitive domains is more likely to yield information useful for clinical practice. The WAIS-IV core 
battery can offer a way to obtain broad information about the adults‟ cognitive status. More essen-
tially, their weaknesses (interfering behaviour) and strengths (promoting behaviour to good 
                                                     
14 Primary and secondary capacities depicted in Table A1. 
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scores) can be determined from their cognitive profile. Both, strengths and weaknesses should be 
integrated into therapy, particularly in resource-oriented approaches. Moreover, the administra-
tion of a battery can be helpful in order to shed some light on unexplained sources of intra-
individual variability. Since ADHD in adults is marked by large irregularities in behaviour, with 
sporadic or inconsistent attention (see Kofler et al., 2013, for a review), the behavioural responses 
through a prolonged testing time in combination with subtests comprising multiple and overlap-
ping cognitive domains heightens the possibility to detect deficient performance. In fact, the ad-
ministration of a whole battery in adults with ADHD has been favoured by previous research. A 
battery of tests was reported to increase sensitivity and negative predictive power (Lovejoy et al., 
1999). Likewise, the present investigation illustrated that the application of the WAIS-IV battery 
detects reliable differences between adults with ADHD and controls. In order to further enhance 
the neuropsychological interpretation of the WAIS-IV there is the option to administer supple-
mental subtests (McCloskey et al., 2009). Although the current research could not detect signifi-
cant effects of ADHD on supplemental subtests (LNS, CA), they can still offer a more varied per-
spective on the adults‟ use of cognitive constructs in clinical practice. A more differentiated view 
on ADHD allows for appropriate reactions for informed clinical decision making in the diagnostic 
process. Since many challenges to identify ADHD in adulthood still exist until today, the next 
section pertains to the issue of diagnosing ADHD in adulthood and discusses the general role of 
neuropsychological information in the diagnostic process. 
Neuropsychological information for diagnosis  
Even though the field of diagnostic expertise for adults with ADHD has progressed, the 
condition remains highly under-diagnosed (Kessler et al., 2006). The negative effects of unrecog-
nised and untreated ADHD are far-reaching and detrimental, adversely affecting academic and 
occupational functioning, life-coping abilities, interpersonal relationships, and cognitive function-
ing. Resulting problems, such as hopelessness, self-denigration, and shame can lead to traumatised 
experiences and enhance the risk of other psychiatric disorders or chronic abnormal functioning 
(Ramsay, 2010; Waite et al., 2013). In an effort to prevent these negative effects, there is a necessi-
ty to improve and standardize the diagnostic process of adult ADHD. One approach for improve-
ment has come from authors suggesting more corroborative objective data in form of neuropsy-
chological information (Surman, 2013). Despite this suggestions, neuropsychological assessments 
are inherently underutilised in day-to-day clinical practice (Johnson & Conners, 2002; Woods, 
Lovejoy, Stutts, et al., 2002). This might be explained by the fact that many practitioners have not 
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been adequately trained in the assessment of ADHD in adulthood and that might hold opinions on 
the disorder based on misinformation that builds upon out-dated research findings (Waite & 
Ramsay, 2010; Waite et al., 2013). In general, the unique contribution of neuropsychological in-
formation for the diagnostic process of ADHD in adults remains unknown.   
  ADHD in adults is most commonly diagnosed based on the qualitative evaluation of per-
ceived behavioural symptoms in form of self-evaluations. This approach by itself has been claimed 
to be problematic as the reliability of such questionnaires and interviews has often been ques-
tioned (see section 2.1.3; McCann & Roy-Byrne, 2004). It has been found that diagnostic decisions 
solely based on self-reports lead to a large number of false positive cases and thus to false diagnoses 
(Culpepper & Mattingly, 2010; McCann & Roy-Byrne, 2004; Meyer et al., 2001). The unreliability 
of self-evaluations is furthermore illustrated by studies examining the correlation between objec-
tively measured deficits and actual symptoms reports. As such, results of these studies indicate 
only a modest, if any, relationship between neuropsychological dysfunctions and self-reported 
symptoms (Biederman, Petty, Fried, Black, et al., 2008; Chaytor, Schmitter-Edgecombe & Burr, 
2006). The present research provides comparable findings. This suggests that self-evaluations may 
indeed be poor indicators for a diagnosis of ADHD if used in isolation. Apparently, they cannot 
fully reflect on the dimensions of functional impairment and thus provide insufficient information 
for diagnosis.   
  The inability of self-evaluations to reflect impairment caused by ADHD in adulthood may 
be due to different reasons of which one relates to the fact that ADHD symptoms are often not 
salient enough for the adults. As a result, it is the clinician‟s responsibility to determine a thresh-
old at which the symptoms become clinically significant. This proves to be especially problematic 
because ADHD symptoms occur to a certain degree in all individuals of a healthy population (see 
Asherson, 2005, for a review). Furthermore, self-evaluations contain many sources of errors and 
biases because of a decreased self-reflection and memory deficits for retrospection. Additionally, a 
decreased motivation and the willingness to cooperate may result in unreliable responses. Whilst 
many adults consult a clinician by themselves, there are some who get motivated by third parties, 
thus trivializing their symptoms and associated problems in daily life. A last issue denotes subjec-
tively manifested symptoms. Since ADHD received particularly great attention in the media and 
because the internet is full of inadequate information, there are many adults who assume to have 
ADHD (information bias). Also difficult to recognize are those adults aggravating or simulating 
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ADHD due to specific motives (Culpepper & Mattingly, 2010; McCann & Roy-Byrne, 2004; Meyer 
et al., 2001).  
Considering this, there is need for more specific methods to differentiate between normal 
and abnormal symptom manifestations. However, apart from diagnostic classification systems that 
are based on behavioural criteria, no measurement with a threshold that decides on the presence 
or absence of ADHD in adulthood exists. Ultimately, a symptom approach to diagnosis by diagnos-
tic classification systems seems to be a dead end as far as comprehending the nature of ADHD. At 
this point, it is worth emphasizing the implementation of standardised neuropsychological tools. 
There are several arguments in favour for their administration: (a) to provide initial aid to recog-
nize differences to the normative population, (b) to rule out learning disorders, (c) to a priori de-
fine the behaviour of interest more narrowly and to isolate more specific facets of ADHD in a con-
trolled setting. In all, adding a clear metric to the diagnostic process of ADHD in adulthood per-
mits to depict the endophenotype of ADHD closer and thus its underlying pathophysiology. 
Moreover, a more specific augmentation and support for the behavioural symptoms outlined in 
the DSM-V can be provided. Given that the DSM-V essentially lacks any theoretical foundation 
about the nature of ADHD in adulthood, neuropsychological tests can be useful to develop a better 
theory relative to this classification system. Considering this, neuropsychological tests may in fact 
complement the diagnostic assessment process and guide objective clinical decision making. In the 
choice of test it is especially important to be aware of the heterogeneity of ADHD. As such, tests 
that cover a broad range of cognitive functions should be used. Given that the WAIS-IV can pro-
vide a broad indication of many cognitive domains it may serve as a foundation to portray the 
cognitive functioning in adults with ADHD. More specifically, it may serve as a basis for more 
precise neuropsychological tests as well as to interpret self-evaluations and behavioral problems.
 Although it appears that data of neuropsychological assessments can benefit diagnostic 
decision making, there is insufficient sensitivity and specificity to generate diagnostic inferences 
from neuropsychological information itself. Although this and other research (see section 2.1.2) 
indicate reliable differences between adults with ADHD and controls, abnormal scores do not 
predict ADHD in adulthood. The same accounts for the reverse: normal scores are not predictive 
of an absence (Lovejoy et al., 1999). This suggests that there is currently insufficient data to sup-
port neuropsychological testing for including or excluding ADHD in adults. Moreover, neuropsy-
chological tests have been associated with weak discriminatory power to distinguish between 
adults with ADHD and other psychiatric disorders or neurological conditions with similar frontal 
6 Discussion 
89 
 
lobe deficits (e.g. anxiety disorder, traumatic brain injury; see Woods, Lovejoy & Ball, 2002, for a 
review). Therefore, if used on their own they are limited in deriving conclusions for diagnoses. 
The discriminant validity of neuropsychological assessments has been much debated. Until now, 
research largely indicates poor accuracy rates, many false positive errors of neuropsychological 
assessments (Walker et al., 2000; Woods, Lovejoy & Ball, 2002), and a reduced ability to distin-
guish adults with ADHD from those with other psychiatric conditions (Holst & Thorell, 2013). 
Studies on the WAIS-IV suggest that the discrepancy between the FSIQ and GAI, in fact, may be 
valuable in a differential diagnostic process (e.g. Harrison et al., 2008). However, there is abundant 
room for future research in determining this. For example, in order to enhance our understanding 
of discriminate validity of neuropsychological measures, further research is needed to examine 
cognitive deficits associated with frontal-subcortical circuits. An accurate differentiation between 
conditions with similar dysfunctioning is crucial because many adults initially present for treat-
ment with more obvious symptoms of comorbid conditions (e.g. anxiety) instead of ADHD. A 
reason for this is that ADHD cannot be directly observed and behavioural effects fall along a con-
tinuum of severity. Therefore, many adults perceive their ADHD symptoms as individual person-
ality traits and consider them as „normal‟, whereas those of comorbid conditions usually interfere 
with their daily functioning (Stieglitz, Nyberg & Hofecker-Fallahpour, 2012).   
 Taken together, the status of self-evaluation and the corroboration of neuropsychological 
assessments in the diagnostic process of adult ADHD must continue to be investigated so that no 
over-hasty conclusions are drawn for clinical practice thereby disregarding the usefulness of self-
reports. To claim that self-reports are not useful is not the intention of the current thesis. In fact, 
self-evaluations are indispensible to provide key personal information about the adult presented 
for ADHD. These cannot be obtained by any other mean. Nevertheless, more awareness to the 
benefits of neuropsychological information should be raised in clinical practice. The present inves-
tigation therefore contends that the application of a multi-method framework should be central in 
the assessment for adult ADHD. Ideally, this should comprise a thorough anamnesis, information 
from self-evaluations, and behavioural observations, as well as a thorough neuropsychological 
assessment. Bringing together these elements, a clinician may be enabled to consider the salience 
of behavioural responses in a daily life context, concurrently recognizing their individual nature 
and how they fit together into a coherent pattern characterizing ADHD. Future studies on the 
current topic pertaining to the combination of measurements of diagnostically relevant symptoms 
and signs are needed. In addition to the role of neuropsychological assessments in diagnostic deci-
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sion-making, it should be discussed whether it also serves specific purposes for treatment planning 
and therapy. 
Neuropsychological information for treatment planning and therapy  
Even though there is still insufficient evidence to support neuropsychological testing to in-
form treatment plans for adults with ADHD, treatment approaches often target neuropsychologi-
cal functioning (e.g. problem-solving approaches, skill-based modules). This suggests that neuro-
psychology in fact plays an important role in the adult‟s improvement of symptoms. Given the fact 
that some adults with ADHD have cognitive impairment it may also adversely impact therapeutic 
intervention and functional recovery. Thus, it should indeed be addressed whether neuropsycho-
logical tests sensitive to ADHD in adulthood can be used as supplementary material to inform 
treatment plans and to develop realistic treatment goals. Throughout therapeutic intervention, 
neuropsychological information may serve different purposes. The arguments addressed in the 
following lines are premature and tentative because they have not been validated. 
A first step to the treatment of adult ADHD constitutes the education about the disorder 
(Ramsay, 2010). For psychoeducation, neuropsychological information may hold particular im-
portance as it can assist the adult to acquire additional awareness of the origins of perceived fail-
ures and how their daily functioning is affected. Moreover, it may promote an understanding 
about functional gains from consistent attendance in therapeutic sessions. Therefore, by integrat-
ing a cognitive element in psychoeducation, the apprehension of ADHD and the motivation for 
further therapy may increase. Thus, further adjustment of individual therapy in clinical settings 
may be enabled.   
  The central building block of treatment is a multimodal therapy, a combination of phar-
macology (e.g. Methylphenidate) and psychotherapy. Stimulants provide an essential foundation 
for psychotherapy through immediate symptom relief and by reducing barriers previously inter-
fering with learning. However, stimulants do not teach long-term coping strategies and skills to 
manage daily life and thus additional psychosocial therapy modes15 are most commonly applied 
(e.g. Cognitive-Behavioural Therapy, CBT; Ramsay, 2010). It has been argued that noteworthy 
impeding factors to effective psychosocial therapy in adult ADHD are cognitive and general intel-
lectual impairment (Stieglitz et al., 2012). This may be especially true for CBT as it attempts to 
                                                     
15 These include for example psychoanalytic and psychodynamic approaches, cognitive remediation, and 
coaching. For a comprehensive overview on psychosocial therapy and alternative treatments please refer to 
Ramsay (2010). 
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improve previously problematic life domains by learning and practicing coping skills of negative 
schemata and maladaptive belief systems (Ramsay, 2010). Since cognitive functioning and intelli-
gence are essential resources for learning and are closely intertwined with higher-order function-
ing (e.g. planning, organization), it can be suggested that if these domains are deficient, the acqui-
sition of new information and strategies will be more challenging (Pesok, 2013) and the acquisi-
tion and the use of compensatory strategies may be obscured (see Mongia & Hechtman, 2012, for a 
review). In this regard, recent research has demonstrated that impaired complex prospective 
memory has negative effects on CBT in adults with ADHD. It has been suggested that by neglect-
ing cognitive deficits in CBT, the adults are unable to self-initiate and execute previously agreed 
upon intentions for behavioural changes (Fuermaier et al., 2013). Considering this, generally ob-
served therapeutic effects may decline and adults will necessarily require a more comprehensive 
therapy. It may therefore be argued that the identification of deficits in cognitive and intellectual 
domains goes hand in hand with addressing psychosocial therapy in adults with ADHD.  
The negative impact of neuropsychological impairment on the adults‟ functional recovery 
seems immense since a failure to acquire strategies can lead to a cascade of malfunctions. Begin-
ning with the maintenance of ADHD symptoms and increased failure in daily life, continuous 
underachievement, and functional impairment, neuropsychological deficits lead to a promotion of 
the development of negative cognitive schemata and belief systems. Decreased therapeutic moti-
vation and progressively increasing avoidance and negative mood may be the result (Knouse & 
Safren, 2010). Considering this, it appears that neuropsychological testing in clinical practice pro-
vides valuable information on treatment modes involving cognitive aspects. Integrating these ar-
guments with the current results and the findings of prior research, the Wechsler Scales and other 
sensitive measures to ADHD in adulthood can be suggested to establish a basis for intervention in 
clinical practice by providing information on the degree of cognitive resources necessary to devel-
op and implement compensatory strategies. In this regard, it is noteworthy that helping adults to 
identify their personal strengths and available resources is equally relevant during therapy as ad-
dressing coping strategies (Ramsay, 2010).  
Directions for future research and clinical practice 
Future research should more specifically address the incremental validity of the WAIS-IV 
in adults with ADHD especially with regards to diagnosis and treatment planning. In addition, as 
cognitive signs and neurobehavioral functions change during development, thus sometimes found 
differently in adults with ADHD (see Seidman, 2006, for a review), further work should go some 
6 Discussion 
92 
 
way to address (a) the development of even more specific diagnostic criteria for ADHD in adults 
and (b) to expand and revise existing guidelines for assessment and diagnosis.   
  With regard to the first assertion, subtle but important changes have been made in the 
DSM-V. In its newest edition it offers a more separated view on ADHD in adulthood. However, its 
reliability of adult ADHD has not been examined in field trials yet. In children and adolescents 
with ADHD, considerably low inter-rater reliability scores on a DSM-V diagnosis have been found 
(Ghanizadeh, 2013). Thus, there is an urgent necessity for future research to examine the DSM-V 
reliability in adult ADHD. Furthermore, the criteria of the DSM-V are still not distinct enough 
compared to those of children. Therefore, the development of a more differentiated view on the 
disorder in adults should be achieved. One way to do this is to narrowly portray dysfunctional 
neuropsychological processes as the underlying basis for the behaviours of interest. Some authors 
even recommend a new subtype of ADHD predominately marked by neuropsychological impair-
ment (e.g. Biederman et al., 2006; Nigg, Willcutt, Doyle & Sonuga-Barke, 2005). In order for this 
idea to progress, greater understanding is required to what extent, and under what circumstances 
neuropsychological functions predict ADHD related behaviour. Moreover, future work is required 
to examine how many of the adults with ADHD can realistically be characterised with neuropsy-
chological impairment and if a reasonable threshold can be determined to distinguish between 
ADHD with and without such deficits. For example, a research question could address the clinical 
significance in overall functioning between these groups. In that case, this may indicate additional 
need for supplementary therapeutic intervention that directly target ADHD with comorbid neu-
ropsychological impairment. However, as a first step towards a more neuropsychological oriented 
view in the DSM-V, it is worth to consider the inclusion of more items that stress those neuropsy-
chological deficits characterizing ADHD in adulthood. This may aid the diagnostic process to the 
extent that less room is left for a clinician to interpret neuropsychological data on their own.   
Considering the second claim, only scarce published material on guidelines for adults with 
ADHD exists, with no international agreement on assessment and diagnosis (see Seixas et al., 2012, 
for a review). Next to the lack of agreement across continents, there is not even a consensus on a 
European level. In Germany, there are many well-established guidelines that cover the child- and 
adolescent population (e.g. Deutsche Gesellschaft für Kinder- und Jugendpsychiatrie und 
Psychotherapie, 2007). However, for adults, the only guidelines formulated are based on a consen-
sus among one group of experts (Ebert, Krause & Roth-Sackenheim, 2003). They convey the mes-
sage that neuropsychological examination is not a necessary step in the diagnostic process of 
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ADHD in adults. However, often the scientific literature suggests otherwise and it is claimed that 
neuropsychological testing can provide valuable data to complement the diagnostic process (e.g. 
Ramsay, 2010; Surman, 2013; Woods, Lovejoy & Ball, 2002). Therefore, the questions about the 
specific benefits of neuropsychological testing for diagnosis and therapy arises and it should be 
discussed whether the necessity of the implementation of neuropsychological testing should be 
incorporated into existing guidelines.  
Specific limitations to the research of adults with ADHD 
It is of considerable importance to address specific issues that limit the conclusions that 
were drawn from the research on adults with ADHD. It is important to mention that despite sta-
tistical differences to the control group, the results of adults with ADHD indicate a substantial 
degree of distributional overlap. This means that the adults on average scored within the norma-
tive range. Yet, on an individual level, some demonstrated abnormal performance whereas a large 
proportion did not. Therefore, interpreting the effect of group on the composite scores and sub-
tests as evidence for a single core deficit in all adults is problematic. It may be argued that given 
the variation in performance of adults with ADHD in general, the performance of the WAIS-IV is 
a natural result of variability occurring in a healthy population and therefore certainly unremark-
able. However, previously this variability has been found specific for adults with ADHD (see 
Kofler et al., 2013, for a review). Consistent with that view, it has been suggested that abnormal 
scores in neuropsychological functioning were predictive of ADHD, but that in fact normal scores 
did not predict an absence of ADHD in adults (Lovejoy et al., 1999). Considering this, it is im-
portant for clinicians employing the WAIS-IV or other neuropsychological tests to not over-
interpret test scores but at the same time to not rejecting them as meaningless. That is also in light 
of limited ecological validity of neuropsychological information in general. One possible approach 
to this problem would be to support the results of the neuropsychological assessments with addi-
tional sources of behavioural observation during testing as outlined above. Insights into peaks and 
valleys of performance due to obvious decreased concentration or motor restlessness can be a key 
interpretive and possibly relevant for diagnosis and treatment. The direct observation of more 
internal symptoms (e.g. inner agitation) influencing performance becomes more difficult. In this 
regard, it may be important to consider self-evaluated information gained by reports. Further-
more, clinicians should be encouraged to parallel the results with every-day behavioural problems 
to receive a more differentiated and objective view on ADHD problems.  
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Concluding remarks 
The present research has extended the available knowledge on neuropsychological func-
tioning in adults with ADHD and provides implications for the argument that intellectual and 
cognitive deficits are an integral component of ADHD in adulthood. It can be concluded that the 
WAIS-IV is sensitive to ADHD in adults and effective to provide a broad indication of their cogni-
tive and intellectual functioning. Concluding on the results and the implications drawn for clinical 
practice, professionals should be encouraged to administer the full battery of the WAIS-IV in or-
der to determine both strength and weaknesses. Particular focus should be given to subtests com-
posing the WMI and the PSI, as well as the calculation of the GAI. These abilities can be essential 
corroborative in the diagnostic process of ADHD. Together, the results of the current investigation 
suggest that, similar to its predecessors, the WAIS-IV continuous to serve as valuable measure-
ment and as a fundamental part in the neuropsychological assessment of adults with ADHD. Par-
ticularly, as it offers additional, broad, and objective information compared to that of self-
evaluations. Considering this, it may be suggested that the WAIS-IV provides a foundation for the 
diagnostic process as it generates a basis for further and more specific neuropsychological testing. 
However, it is necessary to keep in mind that under no circumstances diagnostic conclusion can 
be reached from these tests because they are not adequate to draw diagnostic inferences alone. 
Rather, they should be considered as important building blocks, which provide additional sources 
of information. Therefore, the present research corroborate with the conclusions of other authors 
that comprehensive neuropsychological assessments in adults with ADHD should not be over-
looked and that they can complement the diagnostic process of adult ADHD, but that they cannot 
draw diagnostic inferences. Furthermore, it appears that neuropsychological information can be 
utilised to aid adults to become aware of their cognitive strengths and weaknesses, which, in turn, 
can be integrated into intervention. Together, the findings implicate that it is no longer adequate 
to neglect neuropsychological outcomes in adults with ADHD. With this, the current investiga-
tion emphasizes the need to revise current guidelines for management and care. These should not 
only define the conditions by behavioural symptoms alone but also by their neuropsychological 
functioning. In this way, a clearer line may be drawn between ADHD in adulthood and that oc-
curring in childhood. Thus, current diagnostic criteria should account for the neuropsychological 
categorization of symptoms heterogeneity and their overlap with many other psychiatric disor-
ders. To this end, diagnosis and treatment should expand their horizon to current neuropsycholog-
ical models that characterize ADHD in its various presentations in adulthood. 
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6.2 Ischemic stroke patients 
The current investigation indicates severe impairment of intellectual and cognitive func-
tioning with moderate to large effect sizes of RHS and LHS patients compared to controls and 
some indication for dominant hemispheric dysfunction. In this respect, composites and subtests 
were found to be somewhat characterizing for a cognitive profile which may differentiate be-
tween RHS and LHS patients. Overall, these results are largely consistent with those of other stud-
ies indicating a wide array of neuropsychological deficits in patients with stroke during post-acute 
rehabilitation (see section 2.2.2). To facilitate the clinical interpretation of the WAIS-IV, the fol-
lowing section discusses the most important results concerning subtest performance and compo-
site scores with respect to hemispheric dysfunction. Furthermore, their clinical implications are 
considered and the general role of neuropsychological assessments to treatment plans in rehabili-
tation is portrayed. Specific limitations to the research on stroke are provided, including directions 
for future research and practice. 
Right hemisphere stroke  
With an emphasis on the effect sizes occurring for RHS, the largest effects were found for 
predominantly nonverbal spatial subtests (MR, VP) and visuo-motor processing speed subtest (SS, 
CD). For the composites, the largest effect occurred for the PRI. In comparison, a less deviant pat-
tern of effect sizes was observed for patients with LHS. In addition, the trend for RHS patients for 
visuo-spatial impairment could be supported by subgroup specific results, which illustrate mean-
ingful differences in the subtests MR and PC, as well as the PRI. It could be argued that these ef-
fects can be explained by neglect and hemianopsia beyond that of a pure visuo-spatial deficit in 
RHS patients. To this end, the data gave preliminary indications that the effects of visuo-spatial 
and processing speed subtests increased after adjusting for neglect and hemianopsia. It is therefore 
likely to infer that patients with RHS experience considerable impairment in reasoning with visu-
al stimuli, visual perceptual processing/discrimination, and attention despite neglect and hemian-
opsia. Previous research links patients with RHS (without neglect) to deficits in visuo-spatial and 
attentional functioning and supports the current findings. Hemianopsia was not specifically men-
tioned (Pulsipher et al., 2013). With regard to the present research, this would suggest that these 
WAIS-IV subtests and composite score have some degree of sensitivity to damage in the right 
hemisphere. Moreover, it can be assumed that these subtests fairly assess those domains of visuo-
spatial processing that are more dependent on the right hemisphere than on the left. A reason for 
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this sensitivity may be attributed to the neuroanatomical structures in the right hemisphere affect-
ing these subtests (e.g. right parietal lobe). In this regard, neuroimaging research indicates that 
even though visuo-spatial processing is linked to both hemispheres, there is still a trend that RHS 
patients experience a greater degree of visuo-spatial impairment than LHS patients (Ng, V. W. K. 
et al., 2000). This is also in line with the literature which holds the view of localization of brain 
functions and brain modularity (see section 2.1.1).  
Left hemisphere stroke 
The current research furthermore illustrates that the largest effect sizes for LHS occurred 
for subtests with predominately verbal and processing speed requirements (SI, VC, CD), and for 
the composite VCI. The smallest effects, in comparison, were observed for visuo-spatial subtests. 
This provides a preliminary implication that LHS patients performed better than RHS patients on 
the PRI and related subtests. In accordance with these results, previous studies have reported cor-
roborating finings related to a left hemisphere bias in primarily verbal deficits compared to visuo-
spatial impairment (Pulsipher et al., 2013; Wilde, 2010). Even though the subtests with verbal and 
processing speed requirements seem particularly demanding for LHS patients in comparison to 
controls, subgroup-specific analyses indicate only meaningful differences in the subtest SI be-
tween RHS and LHS patients. In contrast, the VC and IN were equally impaired in both samples. 
This may suggest that the subtest SI is more dependent on the left hemisphere. The main differ-
ence of SI to other language based subtests is that it requires the ability to reason with auditory 
verbal content (Gf). It seems possible that this ability may be deficient due to damage in the left 
hemisphere. This suggests a possible hemispheric asymmetry of brain areas employed in perform-
ing a reasoning task that is to a large extent verbal in nature. In this regard, the literature points 
out that the prefrontal and temporal lobes, particularly in the left hemisphere, are involved in 
retrieving and manipulating lexical and semantic information stored in memory and the integra-
tion of this information (Lee, Choi & Gray, 2007). Conversely, the cognitive requirements for the 
subtests VC and IN may be more dependent on both hemispheres. They primarily require the 
abilities to retrieve semantic knowledge from long-term memory, Gc, as well as expressive and 
receptive language abilities. In contrast to earlier findings, however, recent research has found 
that Gc and crystallised long-term memory stores are represented in distinct left-hemisphere re-
gions (Damasio, Grabowski, Tranel, Hichwa & Damasio, 1996; Gläscher et al., 2009). Since long-
term memory is fundamental for Gc (Lee et al., 2007), the non-significant differences in VC and 
IN may depend on deficits in the declarative knowledge storage in the temporal lobe of RHS pa-
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tients, thereby interfering with the expression of Gc. It may be worthwhile for future research to 
consider whether RHS patients have particular deficits in encoding and retrieving information 
from long term storage. Future neuroimaging research should also aim to investigate the underly-
ing neural mechanism of fluid and crystallised intelligence represented in WAIS-IV subtests.  
  Furthermore, the current investigation indicates a trend of LHS patients to receive on 
average more clinically noteworthy results (≥2 SDs) across the WAIS-IV subtests compared to 
RHS patients (see Table 11). A reason for this may be the general verbal requirements needed for 
an appropriate accomplishment of the subtests. In fact, lesion mapping studies support that pa-
tients must, at a minimum, comprehend verbally given instruction for each subtest in the prede-
cessors of the WAIS-IV (Gläscher et al., 2009). Given that some of the LHS patients in this sample 
were marked by language deficits due to stroke, the performance across subtests could have been 
depressed because of a misunderstanding of task instructions. To overcome this issue, the current 
research only included patients who had no severe problems in comprehending speech. This was 
confirmed by logopaedic records. In addition, LHS patients with deficits in language abilities re-
ceived particularly simple and slow test instructions, were given enough time to accomplish tasks 
with verbal demands, and were encouraged to use other modes of communication. Despite these 
precautions, the results of the current research suggest a possible negative contribution of lan-
guage deficits on subtest performance of the WAIS-IV. Hence, supplementary analyses were con-
ducted in order to further investigate this preliminary finding. The additional results demonstrate 
that the group of LHS+ patients performed significantly worse on subtests with verbal demands in 
comparison to LHS- and RHS patients. Considering this, the effect of LHS on WAIS-IV subtests 
may not be primary due to deficits of cognitive requirements for the individual subtests but a re-
sult of language problems. Therefore, it is important for clinicians to be cautious regarding the 
interpretation of WAIS-IV results in LHS patients with language impairment. Future studies 
should more thoroughly investigate the verbal requirements of WAIS-IV subtests and the specific 
effect of language impairment post-stroke. 
General intelligence of RHS and LHS patients 
Regarding general intelligence in RHS and LHS patients, the FSIQ was found equally at-
tenuated in both groups. This finding, while preliminary, suggests that RHS and LHS patients ex-
perience a similar loss of general intellectual functioning even though their cognitive profiles are 
characterised by a largely different amount of subtest scatter. An important implication of this is 
that the interpretation of the FSIQ should be warranted with caution. Particularly in LHS patients 
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because of their prominent deficits in working memory, processing speed abilities (d = 0.84 - 1.14), 
and their right dominant upper-limb hemiparesis, which might obscure the performance of sub-
tests with motor demands.  
   A reasonable approach to tackle the issue of subtest scatter and to overcome the deficits 
related to LHS was to perform supplementary analyses involving the FSIQ < GAI discrepancy. 
These indicate that RHS and LHS patients do not differ in their GAI score. In both groups the pat-
tern of FSIQ < GAI was significant in up to 61% of the cases. A discrepancy below the 10th per-
centile of the normative sample for a particular ability level occurred in 10% to 22% of the pa-
tients. This pattern should be considered as rare in the general population. From these results it 
can be inferred that the index of general intelligence in form of the FSIQ may be misleading for 
patients with a stroke. At the same time it cannot be concluded that the GAI is a better alternative 
since it does not reflect the heterogeneity within the cognitive profiles of RHS and LHS patients. 
Similar conclusions have been postulated in the literature where a direct relationship between 
general intelligence and brain damage has been neglected. It has been argued that by portraying 
these deficits in a single score would in fact result in a loss of data and therefore to unreliable es-
timates of cognitive functioning (Lezak et al., 2004). Considering this, it is therefore likely that the 
FSIQ and the GAI alone cannot depict these deficits and obscure the selective weaknesses found in 
the specific subtests. As a result, the general concept of intelligence may only be applied to a lim-
ited extend neuropsychological assessments of stroke patients in rehabilitation settings. Since the 
claim above was based on earlier Wechsler editions, there is still need to replicate previous find-
ings on the association between general intelligence and brain damage with the WAIS-IV. This is 
particularly important against the backdrop of the substantial structural changes in the WAIS-IV 
which evoke a more dynamic and wide-ranging construct of intelligence. That is, in comparison 
to its predecessors, the FSIQ in the WAIS-IV reflects a different composition of cognitive func-
tioning and is therefore likely to have a different sensitivity to neuropsychological impairment 
caused by neurological damage (Loring & Bauer, 2010).    
  Concluding on the above discussion, the following facts may be retained. First, the present 
investigation offers insights into the WAIS-IV cognitive pattern and intellectual functioning of 
first-ever unilateral, ischemic stroke patients in rehabilitation settings. Second, the results give 
preliminary indications that the WAIS-IV is to some extent sensitive to RHS and LHS stroke. 
Third, the cognitive deficits found are not conclusive and ultimate. Rather, they give a first im-
pression about the cognitive state of being in rehabilitated stroke patients, providing an indication 
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for further and more specific neuropsychological testing. Several implications for clinical care can 
be drawn from the present research. 
Clinical implications of the present research 
Given that cognitive post-stroke sequelae are constantly changing during recovery, the 
present investigation contributes to the knowledge that stroke patients in rehabilitation suffer 
from severe and wide ranging cognitive dysfunctions. In practice, this information does not serve 
as a diagnostic marker but lends additional support to the understanding of the patients‟ cognitive 
status. Additionally, it provides means to quantify behaviour abnormalities that are associated 
with the stroke damage incurred in the area of the brain. In turn, the functional potential and 
rehabilitation success may be predicted. Therefore, the present results indirectly emphasize the 
previous claim that patients should be re-examined in their neuropsychological functioning at 
admission to rehabilitation (Heruti et al., 2002).   
  Whilst such an assessment at admission to rehabilitation has been claimed necessary, an 
appropriate assessment tool has not been agreed upon (Barker-Collo & Feigin, 2006; Gottesman & 
Hillis, 2010). A large variety of tools used to measure cognitive functioning post-stroke have been 
identified (see Lees, Fearon, Harrison, Broomfield & Quinn, 2012, for a review). In this context, 
some assert full assessment batteries while other favour the administration of screenings and flexi-
ble batteries (e.g. McDonnell, Bryan, Smith & Esterman, 2011; Pulsipher et al., 2013; Wilde, 2010). 
In practice, the latter approach is much more common because of limited time, effort, and costs. 
This method can accentuate deficits commonly found in stroke patients but fails to discover possi-
ble strengths. Conversely, a full battery of tests offers valuable information about both, strengths 
and weaknesses and generates a coherent picture of current abilities. This allows the establishment 
of a holistic view and realistic representation of a patient: how the stroke affects functional activi-
ties and remaining available resources. It is therefore likely to conclude that a full battery ap-
proach generates more applicable clinical judgements for the prognostic value of domain-specific 
cognitive functions. To this end, the current research reported core battery findings16 of the 
WAIS-IV. Other investigations involving patients with traumatic brain injury have provided addi-
tional support for an appropriate application of the WAIS-IV in neurological populations (Donders 
& Strong, 2014). The current results, however, should be considered as preliminary since this is 
the first study to report full WAIS-IV battery findings in patients with unilateral ischemic stroke. 
                                                     
16 The core battery constituted the supplementation of the subtest „Block Design‟ with „Picture Completion‟. 
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There is more research needed to examine how the WAIS-IV differs from its predecessors with 
respect to sensitivity and specificity to stroke and other neurological conditions. Given the evi-
dence of neuropsychological impairment post-stroke, the cognitive status at rehabilitation admis-
sion has been claimed necessary to identify. The extent to what this information aids clinical deci-
sion making and treatment planning is addressed in the following section. 
The value of neuropsychological assessments in rehabilitation 
Post-stroke neuropsychological impairments have been associated with higher mortality 
and health care costs (Claesson et al., 2005; Tatemichi, Paik, et al., 1994), functional recovery, re-
habilitation success (Barker-Collo, Feigin, Parag, et al., 2010; Heruti et al., 2002; Nys, van 
Zandvoort, de Kort, van der Worp, et al., 2005; Zinn et al., 2004), and the patient‟s capability to 
comprehend therapeutic instructions and to actively participate in rehabilitation (Zinn et al., 
2004). Therefore, neuropsychological assessments have been found useful for appropriate rehabili-
tation planning and the prediction of outpatient functional skills (Bennett, 2001). Taking this into 
account, it has been claimed that a higher cognitive status on admission to rehabilitation would 
lead to an increased participation in intervention and better functional outcomes (Heruti et al., 
2002; Skidmore et al., 2010). Therefore, one of the main goals for intervention during rehabilita-
tion should be to assess cognitive functioning early. In fact, an accumulating body of evidence 
emphasizes that the major burdens of stroke can be reduced and functional outcomes can be in-
creased with the help of neuropsychological information (see Barker-Collo & Feigin, 2006, for a 
review). Thus, it can be hypothesised that the application of neuropsychological tests may bring 
about many advantages and offer valuable information for professionals in treatment planning and 
on functional outcomes.   
  The first advantage of neuropsychological assessment is to portray the patients‟ initial cog-
nitive status. To illustrate, stroke patients with attention deficits are limited in their engagement 
in therapy as they are unable to cope with tasks that require doing several things at a time. More-
over, deficits in attention impair other higher order cognitive functions (Lezak et al., 2004), which 
could lead to a failure of learning and thus to a limited recovery in motor functions (Robertson et 
al., 1997). Furthermore, behavioural strategies trained during therapy may not be appropriately 
implemented due to memory and processing speed difficulties. This knowledge is especially useful 
during rehabilitation as it provides further perspectives how to adjust intervention to these prob-
lems, for example, by exerting less complex tasks.   
  Once the acute phase has been passed, a second advantage is the possibility to determine 
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the need for therapy. Since the recovery process of cognitive function between acute clinic and 
rehabilitation is most intensive (see section 2.2.2), it is especially important to re-examine the 
cognitive status in order to establish a basis for therapy planning. As argued above, a full test bat-
tery offers the possibility to thoroughly depict both strengths and weaknesses. For therapy plan-
ning, information about weaknesses can be used to predict potential areas of difficulty whilst in-
formation about strengths can be utilised as cognitive resources that should get reinforced.   
  A third central benefit is the generation of valuable information for professionals in outpa-
tient care (Bennett, 2001). Since there is a progressively earlier release from rehabilitation settings 
compared to the past, patients with cognitive impairment are particularly dependent on on-going 
therapy as well as qualified and well-structured outpatients programs (Bennett, 2001; Zinn et al., 
2004). A thorough neuropsychological evaluation may aid to estimate the patients‟ further needs 
and capability to function normally in their daily routine.   
  A last advantage of neuropsychological assessments denotes the increase of the awareness 
of strengths and weaknesses of the patients themselves. Challenged by cognitive sequelae, patients 
with a stroke have to take a high degree of mental effort to accomplish tasks. These daily struggles 
often result in feelings to never reach sense of normality. In turn, this can challenge their self-
perception and can promote frustration and feelings of helplessness, anger, guilt, irritability, and 
agitation (Thompson & Ryan, 2009). In order to prevent or reduce these feelings, stroke patients 
often generate maladaptive strategies (i.e. less active, reluctant to leave home, refusal of social 
contacts; see Donnellan, Hevey, Hickey & O‟Neill, 2006, for a review) and are at a risk to develop 
PSD (see Ayerbe et al., 2013, for a review). Information about neuropsychological functioning can 
be helpful to the extent that they depict those problems, which for the patients‟ remain hidden 
and invisible. The weaknesses that lead to daily challenges can be openly addressed and discussed 
in corroboration with test results. Treatment programs tailored to these limitations should then let 
the patients experience that they regain control over them. Most importantly, a support in recog-
nising residual skills should not be neglected. Such psycho-educative approach, in fact, may facili-
tate rehabilitation engagement and consequent success.   
  Considering the aforementioned, it is important that, in addition to physical and occupa-
tional theory, cognitive rehabilitation should be given special attention in post-acute rehabilita-
tion of stroke. However, until today, traditional treatment approaches place more emphasis on 
behavioural modification. In contrast, cognitive rehabilitation is often neglected and not routinely 
provided (see Barker-Collo & Feigin, 2006, for a review). Compared to 93% of the patients with 
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stroke who have physical goals contained in their treatment plan, only 55% were identified with 
cognitive-related aims. It was claimed that the main reason would likely be the under-diagnosed 
cognitive dysfunctions through screenings (Zinn et al., 2004). Again, this highlights the im-
portance of a thorough neuropsychological assessment, ideally at the point of admission to rehabil-
itation. Notwithstanding these benefits, it is important to take into account individual factors lim-
iting the interpretation of the current research. The next section addresses these shortcomings, 
which for the interpretation of the current research as well as of other neuropsychological tests 
need to be considered. 
Specific limitations and directions for future research and clinical practice 
 A first issue that arises is the influence of secondary stroke sequelae on performance. The 
variables considered in the present research include language deficits, hemiparesis, neglect, hemi-
anopsia, and PSD. The results implicate the possibility that language deficits additionally under-
mine performance in LHS patients. To prevent false interpretation in clinical practice, it is advised 
to initially screen for language impairments and to consult logopaedic information. In corrobora-
tion with this data, the subtests must still be considered with caution. The occurrence of a hemi-
paresis with an affected use of the non-dominant hand could negatively affect subtests with motor 
demands (e.g. SS, CD). Although, the current research and findings of others (Wilde, 2010) pro-
vide implications that hemiparesis is not an issue for performance on these tests, clinicians should 
still be cautious in their interpretation. It would be helpful to obtain additional sources of the 
WAIS-IV, such as behavioural observations of subtest pattern and the overall performance 
throughout assessment. This qualitative information heightens the likelihood to detect variations 
in performance. For the influence of neglect and hemianopsia on subtest performance with visual 
requirements (e.g. MR, CD) more research is needed to analyse their specific effects on perfor-
mance. In the past, research associated neglect with increased cognitive impairment (Lindén et al., 
2005) and suggested that it complicates the interpretation of test results (Wilde, 2010). Prelimi-
nary conclusions can be drawn that neglect and hemianopsia should be taken into account when 
interpreting WAIS-IV visuo-spatial subtest performance. With respect to PSD, the present re-
search illustrates decreased performance of patients with PSD on subtests with visuo-spatial and 
processing speed requirements (MR, SS, VP). Although the effects were primarily found for those 
subtests previously identified as sensitive to RHS, they did not differ for the side of the stroke. The 
results are also consistent with recent research indicating an association between PSD and en-
hanced general cognitive impairment (see Robinson & Spalletta, 2010, for a review). Concluding 
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on these results, there should be increasing interest of the adverse influence of PSD on neuropsy-
chological performance. Since cognitive dysfunctions, in turn, have been shown to negatively 
influence the recovery process and subsequent functional outcomes post-stroke, PSD should be 
accurately diagnosed and monitored with respect to these aspects as well. In future research, there 
should be more studies conducted to evaluate and verify the effect of PSD on WAIS-IV perfor-
mance or other neuropsychological measurements.   
  A second problem with the application of the WAIS-IV denotes the issue of ecological 
validity. Although many assessment instruments measuring neuropsychological functioning are 
sought to be ecologically valid there is only scarce evidence for this (Goldstein, L. H. & McNeil, 
2004). Therefore, drawing conclusions on everyday functioning (e.g. driving a car) from test re-
sults alone should be regarded with caution. Some support for the ecological validity of the WAIS-
IV has been published recently, demonstrating moderate to strong relationships between the 
FSIQ, GAI, and WMI with functional abilities (Drozdick & Cullum, 2011). Perhaps, this finding 
provides a first implication for the importance of these composites on everyday functioning. For 
patients in rehabilitation facilities it may indicate that the WAIS-IV may in fact be helpful to un-
derstand the impact of cognitive deficits on daily functioning.  
  A third problem concerns the levels of premorbid cognitive functioning, which are the 
levels of cognitive abilities prior to stroke onset. In theory, they are considerably important to 
determine the true cognitive status of a patient. This is because the clinical significance of a result 
can vary depending on the premorbid levels of functioning. As such, an average performance can 
be a sign of a deficit because the premorbid level was high. Conversely, a decreased performance 
may not be indicative of a deficit because the premorbid level was low. Unfortunately, it is nearly 
impossible to gain objective data on premorbid functioning as the majority of patients have not 
been subject to neuropsychological testing prior to stroke or there is no access to such infor-
mation. Therefore, most of prior research as well as the current could not be adjusted for premor-
bid functioning. In order to obtain some control on pre-existing cognitive deficits the present re-
search included patients with a first-ever stroke, thereby controlling for pre-existing cognitive 
deficits due to stroke. In future studies and clinical practice a viable option to estimate premorbid 
levels may be to apply specific tests with minimal demands on current cognitive functioning, for 
example the National Adult Reading Test (NART; Nelson & Willison, 1991). Though, since the 
NART requires the reading of words it may be misleading after LHS. Due to an obvious disad-
vantage for some patients, other viable options to estimate premorbid functioning are the use of 
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demographic variables (e.g. years of education, occupation; Crawford, 2004).   
  A fourth and more general issue concerns the low adherence rates to standardised cogni-
tive assessments compared to physical evaluation methods in clinical practice. Reasons for this are 
the length of assessment durations or the difficulty of implementation into clinical practice (Bland 
et al., 2013). The key to an adequate assessment is to find an appropriate balance between an over- 
and under-assessment. Many clinicians who are not familiar with neuropsychological testing often 
suppose that the application of many single tests will offer better results. However, it would be 
counterproductive to reach for one single subtests after the other because the findings of the pre-
vious one were inconclusive (Goldstein, L. H. & McNeil, 2004). This would only lead to unneces-
sary testing time and stress. It therefore appears that an initial battery-approach has the advantage 
to produce a useful and a thorough picture of cognitive functioning at once. Even though it is time 
consuming it can facilitate specific follow-up testing and therefore a more targeted use of neuro-
psychological tests. For older stroke patients or those who cannot endure an hour of testing, an 
additional option would be an abbreviated test form. Only recently, a seven-subtest short-form of 
the WAIS-IV has been published (Meyers, Zellinger, Kockler, Wagner & Miller, 2013). In the 
past, a similar version of the WAIS-R has been found useful for patients with brain damage 
(Callahan, Schopp & Johnstone, 1997).  
   A last fundamental problem is that there is a lack of a consensus for appropriate tests 
measuring neuropsychological functions post-stroke (Gottesman & Hillis, 2010). Overall, 300 dif-
ferent assessment tools used to evaluate neuropsychological functioning post-stroke throughout 
408 studies have been identified (see Lees et al., 2012, for a review). Considering this disagreement 
among researchers, it is not surprising that practice guidelines for clinical care are undecided on 
this matter. Even though they comprise broad recommendation for the use of assessment tools 
they do not provide advice for or against them. Most importantly, they miss recommendations 
regarding neuropsychological assessment batteries entirely (for a complete list please refer to 
Duncan et al., 2005). As a consequence, there is a failure of a routine use of neuropsychological 
tests in clinical practice. Yet, it is precisely the use of standardised neuropsychological assessment 
tools encompassing all major aspects of cognitive functioning post-stroke what has frequently 
been requested in the literature (Gottesman & Hillis, 2010). A routine use of these tools can im-
prove rehabilitation planning and may facilitate successful recovery. 
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Concluding remarks 
The conclusive suggestion to emerge from the present research is that the WAIS-IV offers 
a way to provide a reliable insight into the cognitive status of patients with unilateral, ischemic 
stroke in inpatients rehabilitation facilities. In combination with prior research, several implica-
tions derived from the results should be retained. First, it appears that the WAIS-IV is sensitive to 
some lateralised deficit. Largely consistent with visuo-spatial hemispheric and language involve-
ment, the respective subtests were found to differentiate between LHS and RHS stroke. It is im-
portant to remember that these results are not a verification of a unilateral cerebral dysfunction. 
Rather, they give an indication of a functional impairment that is often associated with the right 
or the left hemisphere. Second, subtests with visuo-spatial and language requirements can be use-
ful in documenting deficits often observed in RHS and LHS patients. However, caution regarding 
secondary stroke sequelae in the interpretation of the results must be warranted. Third, the appli-
cation of the full WAIS-IV battery in clinical practice provides many advantages. The subtest 
scores can provide valuable information about a variety of cognitive domains and about strengths 
and weaknesses. Fourth, the WAIS-IV can provide a fundamental basis to accomplish other and 
more specific neuropsychological tests. Together, they have considerable importance for clinical 
judgement and treatment planning. With this foundation, the patients may profit from a psycho-
educative approach, which can lead to increased therapeutic motivation and treatment success as 
well as to a decreased risk to develop a PSD. For subsequent therapeutic interventions to be suc-
cessful there is the need to utilize information for cognitive weaknesses and strengths to inform 
treatment plan. Thus, the conceptual premise is that neuropsychological functioning post-stroke 
should not be neglected in clinical practice. Specific aims to recover from or cope with cognitive 
dysfunctions should be generated in treatment plans. These will eventually assist the patients to 
learn and implement compensations for their cognitive deficits.  
6.3 General limitations  
In addition to the specific shortcomings, which have been mentioned during the discus-
sion of the results, there are other, more general limitations that still need to be emphasised. These 
limitations refer to the data collection and the resulting sample as well as to the methods used and 
the corresponding research design. A first limitation with respect to sample and data collection 
denotes the non-randomization of the two samples. A non-probability sample was chosen for 
adults with ADHD as the sampling procedure was restricted to convenience. So, the adults were 
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recruited via letter or public advertisement. In terms of stroke, the adults were recruited from 
predefined rehabilitation facilities based on the criteria of inclusion. They were personally in-
formed about the present research and asked for participation. A response bias may have resulted 
from both of these recruitment strategies, which could have led to a biased constellation of the 
samples. The much lower dropout rate suggests that the bias, if existent, is certainly smaller in the 
stroke group. Moreover, compared to other studies, the demographic characteristics of the adults 
with ADHD or stroke were similar (see section 4.1.1). As a result, the two samples appear repre-
sentative on the basis of observable variables.  
A second limitation regarding sample and data collection is the issue of control variables 
due to missing diagnostic information regarding stroke. The present research included a homoge-
nous sample of patients with unilateral, ischemic stroke due to MCA occlusion. The sample was 
selected based on the information of the clinical reports at the rehabilitation facilities. In the ma-
jority of the cases, the clinical reports did not contain information of neuroimaging data, including 
stroke distribution and size. Therefore, the strokes could not be verified and additional control 
information regarding distribution (e.g. frontal, parietal, temporal, occipital) could not be consid-
ered in the present research. Thus, the main weakness of the research involving stroke patients 
was the paucity of neurological information regarding stroke.  
A third limitation must be acknowledged that denotes the test administration in the stroke 
sample. Given that stroke is a complex neurological condition, multiple parameters interactively 
influence cognitive functioning. Encompassing all factors of stroke sequelae (e.g. language deficit) 
and personal variables (e.g. premorbid functioning) simultaneously is difficult. Nevertheless, the 
present research still attempted to consider those variables in the interpretation of the results 
which have continuously been associated with depressed post-stroke neuropsychological function-
ing (see section 2.2.2). In this regard, the deficits of language functions after LHS concern further 
emphasis. The present research received information regarding deficits in language from logopae-
dic reports. A major limitation is that these reports did not contain information regarding specific 
diagnoses of language impairment. In order to still consider the implication of language on test 
performance, the current research systematically clustered patients with LHS based on logopaedic 
information (see section 4.1.3). More reliable methods, such as the National Institute of Health 
Stroke Scale (NIHSS) scale were not available. This is a weakness of the present research and limits 
the conclusions drawn on the influence of language impairment on test performance. 
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A fourth limitation of sample and data collection pertains to the size of the samples. A pri-
ori power analyses defined the sample sizes for adults with ADHD or stroke as sufficient for medi-
um effects. However, the size of the samples can still be too small to detect significant effects with 
small effect sizes. This is especially true for sub-group inferential statistics. 
A final limitation concerning the method and the research design denotes the recruitment 
of cross-sectional data, which prevents to determine causality and the natural history of cognitive 
functions in both samples. Furthermore, it is impossible to apply random treatment with respect 
to ADHD or stroke research. Instead, a randomly matched control group was used respectively to 
compare the results for ADHD or stroke patients.  
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7 Main conclusion 
 
The present research has extended the knowledge on intellectual and cognitive function-
ing in adult ADHD and in patients with unilateral, ischemic stroke in inpatients rehabilitation by 
means of the WAIS-IV. The empirical findings provide an initial understanding for the interpreta-
tion of the composites, indices, and subtests in a psychiatric neuro-developmental and neurologi-
cal sample. The present data serves to regard the WAIS-IV as a fundamental part in neuropsycho-
logical assessments to provide a broad indication of the current cognitive status in adults with 
ADHD or stroke. It sets an initial stage for further neuropsychological testing, diagnostic corrobo-
ration, and treatment planning in both clinical psychiatric settings and in neurological domains. 
By interpreting the WAIS-IV performance in these domains, it is important to remain cautious 
regarding general intellectual functioning. Reliable and relevant information may be attained 
through deemphasizing the FSIQ and by highlighting the subtest scatter and index discrepancies. 
Therefore, the quintessence of the present research is to stop seeing the scale as a rigid approach to 
identify mere cognitive and intellectual deficits. Instead, it is advised to regard the WAIS-IV as 
tool, which considers intelligence as an interactive and dynamic construct. This is to say that the 
indices and each subtest by itself assess interacting and complex cognitive traits. Comprehending 
these abilities together is critical to understand their clinical and behavioural correlates and in 
turn the expression as well as the development of general intelligence over the course of a disor-
der.  
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APPENDIX A - Contents of the WAIS-IV 
 
 
  
 
 Table 1. WAIS-IV subtests, CHC broad abilities, and cognitive capacities needed for effective performance 
 
  Description 
CHCa broad 
abilities 
Primary cognitive capacitiesb  Secondary cognitive capacitiesc  
C
or
e 
su
b
te
st
s 
 
BDd Re-creation of specific visual designs with building blocks 
Designed to measure: nonverbal concept formation and 
reasoning, organization, visual-motor coordination 
Gvq reasoning with nonverbal/visual 
stimuli 
visual acuity; planning abilities; WM and attention; 
visualization and visual perception/discrimination; 
motor coordination; visuo-motor/motor/visual pro-
cessing speed 
 
SIe Finding the similarity between two words 
Designed to measure: verbal concept formation, verbal 
reasoning, lexical knowledge, induction 
Gcr, Gfs retrieval of verbal content and 
knowledge; reasoning with auditory 
verbal content 
auditory acuity/discrimination; working memory and 
attention; expressive and receptive language 
 
DSf Recalling a sequence of digits; forwards, backwards, and 
in sequence 
Designed to measure: WM, memory span, cognitive flexi-
bility, mental alertness, attention, mental manipulation, 
visuospatial imaging 
Gsmt initial registration of auditory verbal 
information; working memory for 
verbal information; mental manipula-
tion 
auditory acuity/discrimination; attention; audito-
ry/mental processing speed; retrieval of verbal infor-
mation from long-term storage; expressive language; 
sequencing/organization 
 
MRg Selecting a response option to complete a matrix or series 
of objects 
Designed to measure: general sequential reasoning, spatial 
ability, perceptual organization 
Gfs reasoning with nonverbal, visual 
stimuli 
visual acuity; working memory and attention; visuali-
zation and visual; perception/discrimination; visual 
processing speed 
 
VCh Defining words 
Designed to measure: lexical knowledge, verbal concept 
formation 
Gcu retrieval of semantic knowledge from 
long-term memory  
auditory acuity/discrimination; attention; expressive 
and receptive language 
 
 
  
 
       Table 1. (continued) 
C
or
e 
su
b
te
st
s 
ARi Solving series of arithmetic problems mentally 
Designed to measure: WM, numeral reasoning, mental 
manipulation, concentration, attention, mental alertness 
Gfs, Gsmt, Gqv initial registration of auditory verbal 
information; verbal working memory; 
mental manipulation 
auditory acuity/discrimination; attention; audito-
ry/mental processing speed; retrieval of verbal infor-
mation from long-term storage; math calcula-
tion/problem-solving skills; expressive language; se-
quencing/organization 
 
SSj Searching and recognizing whether a target appears in a 
group of symbols 
Designed to measure: visual motor coordination, cognitive 
flexibility, attention, concentration, psychomotor speed, 
short-term visual memory 
Gsw motor/visual/visuo-motor processing 
speed 
visual acuity; working memory and attention; visuali-
zation and visual perception/discrimination; grapho-
motor capacity; language representation 
 
VPk Restructuring various puzzles with three pieces out of five 
response options 
Designed to measure: nonverbal reasoning, analyze and 
synthesize abstract visual stimuli, spatial visualization 
Gvq visual perceptual processing; reason-
ing with nonverbal/visual stimuli 
visual acuity; working memory and attention; visuali-
zation and visual perception/discrimination; visual 
processing speed 
 
INl Answering various questions of general knowledge topics 
Designed to measure: general knowledge 
Gcu retrieval of semantic knowledge from 
long-term storage 
auditory acuity; auditory processing speed; working 
memory and attention; expressive and receptive lan-
guage 
 
CDm Copying symbols to their paired numbers 
Designed to measure: visual motor coordination, visual 
scanning, cognitive flexibility, attention, concentration, 
psychomotor speed, short-term visual memory, learning 
Gsw motor/visual/visuo-motor processing 
speed 
visual acuity; working memory and attention; visuali-
zation and visual perception/discrimination; grapho-
motor capacity; language representation; multitask-
ing/organization 
 
 
  
 
      Table 1. (continued) 
Su
p
p
le
m
en
ta
l 
su
b
te
st
s 
LNSn Recalling numbers and letters in ascending order 
Designed to measure: WM, sequential processing, mental 
manipulation, attention, concentration, memory span, 
cognitive flexibility 
Gsmt initial registration of auditory verbal 
information; verbal working memory; 
mental manipulation 
auditory acuity/discrimination; attention; audito-
ry/mental processing speed; retrieval of verbal infor-
mation from long-term storage; expressive language; 
sequencing/organization 
 
CAo Marking target shapes in a structured arrangement of 
shapes 
Designed to measure: visual selective attention, vigilance, 
perceptual speed, visual-motor ability 
Gsw motor/visual/visuo-motor processing 
speed 
visual acuity; working memory and attention; visuali-
zation and visual perception/discrimination; grapho-
motor capacity; language representation; multitask-
ing/organization 
 
PCp Identification of the missing part in a picture 
Designed to measure: visual perception, organization, 
concentration, visual recognition 
Gvq, Gcu reasoning with nonverbal/visual 
stimuli 
visual acuity; working memory and attention; visuali-
zation and visual perception/discrimination; visual 
processing speed; language representation of visual 
stimuli 
Source. (Flanagan et al., 2012; Wechsler et al., 2008). 
Note. Secondary capacities include also executive functions, which are not included in this table because they are intricately involved in the performance of all subtests to the extent that 
they cue and direct the use of the other cognitive capacities. It is important to note that executive functions are mostly “minimized through the use of explicit directions, teaching examples, 
and example responses” in the WAIS-IV (Lichtenberger & Kaufman, 2009b, Appendix B.2, p.5). 
aCattel-Horn-Carroll, bmost often required and essential for effective performance of subtests, cprerequisites or basic abilities to perform the subtests, dBlock Design, eSimilarities, fDigit Span, 
gMatrix Reasoning, hVocabulary, iArithmetic, jSymbol Search, kVisual Puzzles, lInformation, mCoding, nLetter-Number Sequencing, oCancellation, pPicture Completion, qVisual Processing, 
rCrystallized Intelligence, sFluid Reasoning, tShort-Term Memory, vQuantitative Knowledge, wProcessing Speed. 
 
  
 
 
 
 
 
 
 
 
APPENDIX B - Study I 
 
Theiling, J., & Petermann, F. (2014). Neuropsychological Profiles on the WAIS-IV of 
ADHD adults. Journal of Attention Disorders. Retrieved October 10, 2014, from: 
http://jad.sagepub.com/content/early/2014/01/21/1087054713518241.abstract 
 
 
 
  
 
 
 
 
 
 
 
 
APPENDIX C - Study II 
 
Theiling, J., Petermann, F., & Daseking, M. (2013). WAIS-IV profiles in first-ever unilat-
eral ischemic stroke patients. Zeitschrift für Neuropsychologie, 24, 239-252. 
 
 
  
 
 
 
 
 
 
 
 
APPENDIX D - Study III 
 
Theiling, J., Petermann, F., & Daseking, M. (2013). Zusammenhang zwischen selbsteinge-
schätzter ADHS-Symptomatik und der Leistungsfähigkeit in der WAIS-IV. Gesund-
heitswesen, 75, 768-744. 
 
 
 
 
 
  
 
APPENDIX E - Statement of the author‟s 
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The current doctoral thesis was conducted by M.Sc. Johanna Theiling according to § 6 subpara-
graph 5 of the formal requirements for doctoral candidates at the University of Bremen. The thesis 
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